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Notes) ¥1. The package codes of G to M are applied to the package materials as follows. 
G: Cerdip, P: Plastic DIP, FP: Plastic Flat Package(SOP), SP: Skinny Type Plastic DIP, ZP: Plastic ZIP, CG: Ceramic Leadless Chip Carrier, CP: Plastic 


Leaded Chip Carrier, JP: Plastic Small Outline J-bend Package, M: Module 
* 2. Maintenance Only. This device is not available for new application. 
* 3. Preliminary. 
* 4, Under Development. 
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BMOS ROM 
Opvatination Access |Supply Power ° 
Program Type No. Process a dxbit) Time oltagea Dissipation 
: (ns)max | (V) (W) PinNo.| G 
256k-bit | HN623257 32768 X 8 5u/0.1 
Mask CMOS 28 
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2M-bit | HN62412 oe a 7. 
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HN27C256H-70*3 
HN27C256H-85 *3 
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HN27512-30 
HN27C101-17 
HN27C101-20 
HN27C101-25 
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256k-bit | HN27C256-25 32768 X 8 250 
One Time HN27C256-30 | CMOS | 300 
HN27512-25 250 
512k-bit NMOS| 655368 oe 
HN27512-30 300 
HN27C101-20 200 
HN27C101-25 
CMOS | 131072x8 
HN27C301-20 
| 250 
Electrical! HN58064-25 250 
Erasable & | 64k-bit | HN58064-30 8192 x8 300 
Programmable HN58C65-25 CMOS 250 


Notes) %*1. The package cades of G, P and FP are applied to the package material as follows. 
G: cerdip, P: Plastic DIP, FP: Plastic Flat Package(FPP and SOP) 

* 2. Maintenance Only. This device not available for new aplication. 

* 3. Preliminary 


* 4. Under Development 
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_ Notes) #1. The package cades of G, F and CG are applied to the package material as follows. 
G; cerdip, F; Flat Package, CG; Ceramic Leadless Chip Carrier 
* 2. Maintenance Only. This device is not available for new aplication. 
* 3. Preliminary 
* 4. Under Development 
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Unit: mm (inch) Scale 1/1 
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Applicable ICs 


DP-16B HM50256P Series, HM50257P Series, HM51256P Series, HM51256LP Series, HM51258P Series 

DP-18 HM6148HP Series, HM6148HLP Series, HM6147HP Series, HM6147HLP Series 

DP-18B HM50464P Series, HM50465P Series, HM53051P 

DP-18C HM511000P Series, HM511000SP Series, HM511001P Series, HM511001SP Series, HM511002SP Series, 
HM5168HP Series, HM6168HLP Series, HM6268P Series, HM6268LP Series, HM6167P Series, HM6167LP Series, 
HM6167HP Series, HM6167HLP Series, HM6267P Series, HM6267LP Series 

DP-20NA HM614256p Series, HM514258P Series 

DP-22N HMg6287P Series, HM6287LP Series, HM6787P, Series, HM6288P Series, HM6788P Series 

DP-24 HM6116P Series, HM6116LP Series, HM6116AP Series, HM6116ALP Series, HN61365P, HM61366P 

DP-24A HM53461P Series, HM53462P Series 


DP-20N 
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“DP-24N _ HM6116ASP Series, HM6116ALSP Series, HM6208P Series, HM6208LP Series, HM6207P Series, HM6207LP Series 


HM6264P Series, HM6264LP Series, HM6264LP-L Series, HM6264AP Series, HM6264ALP Series, 
HM6264ALP-L Series, HM62256P Series, HM62256LP Series, HM65256AP Series, HM65256BP Series, 

DP-28 HM65256BLP Series, HN61364P, HN613128P, HN623257P, HN62321P, HN62321BP, HN62321EP, HN27128AP Series, 
HN27256P Series, HN27C256AP Series, HN27512P Series, HN58064P Series, HN58C65P Series 


HM6264ASP Series, HM6264ALSP Series, HM6264ALSP-L Series, HM65256ASP Series, 


pee HM65256BSP Series, HM65256BLSP Series, HM63021P Series 

DP-32 HM658128P Series, HM658128LP Series, HN27C101P Series, HN27C301P Series 

DP-40 HN62412P, HN62404P 

@CERDIP Unit: mm (inch) Scale 1/1 
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i 
X 
+ 


U.)00 0200 


min. 






ete | 
234 jo.U8may. 





v1 0.280 
"min. 


- 


yn 10.13 
_ 9.25 9105 


10,0107 0.008 






28min 5.59max 
(0.14Omnn.) (0.220max.) 







(0.020min.)- 





WAR sul = ue5 10,16" 0,400 ‘max. 


O0T9 + O.00 O00 .070 


0.48+0.1° 2.54+0.25 
(0.019+0.004)  (0.100+0.010) 





050 0.020 mins 










@® DG-22N 


27.18(1.070) 






1.54(0.061) ~H-— 11 








—H. 
1.01(0.046, 


7.62(0.300) 





2.8min.. 5. 84max. 
(0.110min.) (0.230max.) 





0.48+0.1 2.54+0.25 
(0.019+0.004)  (0.100+0.010) 
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PACKAGE INFORMATION 
| Unit: mm (inch) Scale 1/1 


@DG-24A 


(0.015min.) 


2.8min. 5.8max. 
(0.1 10min.) (0.228max.) 


| : 0.38min. 
1 


+0.13 


0.25_5.08 
- (0.010°S G02) 


2.54+0.25 | 0.484 0.1 


(0.100 +0.010) (0.019 + 0.004) 


2 
on 


@DG-24N 
30.3(1.193) 


0.93(0.037) 1 .4(0.055) 10.16(0.400) 


2.8min. §.8max. 
(0 10min.) (0.228max.) 


+o 
0.48 + 0.1 2.54 + 0.25 
(0.019 + 0.004) (0.100 + 0.010) 























eDG-28 
ole 
=| 
es Pas 
ek. ws 15.24 
oo z e (0.600) | 
— © 
ESE S 
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< 40.33 
2.54+0.25 E& eee 004) 
a o°~ (0.0100 002 
(0.100 + 0.010) 048t01 BS 15 
(0.019+ 0.004) “~ 
@DG-28A 
36 83 
| 
raps 
[i 
a 
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Ea (0.400) | 
cae Sy 
eS StS 
o lwulfS 
< 25°% a 
. | cf Wee a0 oe ay 
meri 254+025 7 ES (O° G02 
(0.100 + 0.010) 04820! S59 15° LO eee 
(0.019+0.004) “~ 
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PACKAGE INFORMATION 
Unit: mm (inch) Scale 1/1 


All 
(1.650) 





& 

i= 
wD 
= 
S 
2S 








2.54 £0.25- 0.48+0.1 
(0.100 £ 0.010) (0.019 + 0.004) 
Applicable ICs 
DG-16A HM2112 Series, HM100415 
DG-18 HM10470 Series, HM100470 


DG-18A HM511000 Series, HM511001 Series 

DG-20NA  HM2142, HM10480 Series, HM10480L, HM100480 

DG-22N HM10490, HM100490 

DG-24A HM10422 Series, HM104747 Series, HM100422, HM100474 Series 
DG-24N HM6716 Series, HM6719 Series, HM6789 Series 


HN27128AG Series, HN27256G Series, HN27C256G Series, HN27C256AG Series, 
HN27C256HG Series, HN27512G Series 


DG-28A HM10484, HM100484 
DG-32 HN27C101G Series, HN27C301G Series 


DG-28 


® Zigzag-in-line Plastic 














_. , 25.61(1.008) 
26.1 |max.(|.028max.) : 








20.13(0.793) 
20.65max.(0.81 3max.) 





8.30max. 
(0.327max.) 



















10.46max. 


1 
8: 


8.51 
(0.335) 













3 
— 
8 
S = 
Pe s 
= on 
e+ St) ost 
cf ; WY 26 851} (0.01ee0e) 
Es 0.2528 8 0.48+0.1j, | | i1.27(0.050)} NG (2.54(0.100)| 
2 = (0.0178:685) (0.019 +0.004) ae 
NS 
0.48 +0. 
(0.019+0.004) "| 











Applicable ICs 
HM50256ZP Series, HM50257ZP Series, 
HM51256LZP Series, HM51256LZP Series 
HM511000ZP Series, HM511000SZP Series, 

ZP-20 HM511001ZP Series, HM511001SZP Series, 
HM511002SZP Series, HM514256ZP Series, 
HM514258ZP Series 

ZP-24 HM53461ZP Series, HM53462ZP Series 


ZP-16 
30.50(1.201). 


31.00max.(1.220max.) 












U 
—fLodesor 
(0.019 + 0.004) 
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PACKAGE INFORMATION 


®@ Fiat Package Unit: mm (inch) Scale 1% 





@FP-24D _— @FP-28D 


18.30(0.720) 
18.75max.(0.750max.) 


11.80 + 0.30 
(0.465 + 0.012) 
11.80 + 0.30 

(0.465 + 0.012) 


1.00 (0.039) 


0.1 7*3:88 


0.1 728-98 
(0.007 + 0.003) 


(0.007 + 0.003) 


.2.50max. 
0.098max.) 


) 


(0.098max.) 


1.27+0.15 ele 
0.40%2!, (0.500 + 0.006) 
(0.016*9:9) 


-0 002 


1.27+0.15 
0.40*9-35 (0.500 + 0.006) — 
(0.01623-898) 





(0.004min.) 
(0.004min 


@FP-28DA @FP-32D 


18.30(0.720) 


18.75max.(0.750max.) l 20.45(0.805) 
20 


1.42(0.056) 


S 
i 
° 


11.80 2 0.30 
(0.465 t 0.012) 
14.19520-5) 
(0.556*9-0'3) 


1.00 (0.039) 
11. Imax (0.461 max) 


0.172388 
(0.007 + 0.003) (0.00949 °593) => 


(0.039max) [7 


(0.035) 
eee eee 
aan 


3.00max 
(0. 118max) 


1.27+0.15 (0.016 19-004) 1.27(0.050)) 


0.002 


to]0.12(0.005)| o 





(0 .002min) 


0.40%! (0050+ 0.006) 


(0.016%9-0%) 





(0.004min.) 
(0. 118max) 


@FG-20D 


25.6+0.4 yp 


(1.008 + 0.016) 
11.68max. (0.460max.) 


14.0(0.551) 
(0.772 + 0.016) 
24.5max. (0.965max) 


| 0.35+0.1 


(0.039 + (0.014 + 0.004) 
(0,006 + 0.002) (0.005 + 0.002) 
0.43+0.1 1.27+0.2 0.95+0.19 (0.037 +0.007) 

(0.017+0.004)  (0.050+0.008) 2.35max. 

pete (0.093max.) 


(0.067 + 0.0! 2) 


@ HITACHI 
8 Hitachi America Ltd. © 2210 O’Toole Ave. « San Jose, CA 95131 © (408) 435-8300 


PACKAGE INFORMATION 


Unit: mm (inch) Scale 1% 


@FG-22D 





28.1 max. (1.106max.) 
9. 2 (0. sone 
24. 994max _ rie 


(0.984max) 
offset 
= 
19 
7 


1 


13.818max FO I 6 0.1349-94 
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wo st 
<t{w 
Na) 
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28. 1max. (1.1 06max.) 
9.9max. (0.390max.) 


0.43 - 0.06] 


(0.017 +0.002) 











(0.040max.) 





Applicable ICs 


FP-24D HM6116FP Series, HM6116LFP Series 
HM6264FP Series, HM6264LFP Series, HM6264LFP-L Series, HM6264AFP Series, 


enone HM6264ALFP Series, HM6264ALFP-L Series 
HM6264FP Series, HM6264LFP Series, HM6264LFP-L Series, HM6264AFP Series, 
FP-28DA HM6264ALFP Series, HM6264ALFP-L Series, HM62256FP Series, 


HM62256LFP Series, HM65256BFP Series, HM65256BLFP Series, HN58C65FP, 
HN27C256FP Series 

FP-32D HM658128FP Series, HM658128LFP Series, HN27C IO1FP Series, HN27C301FP Series, HM628128FP Series, HM628128LFP Series 
FP-54 HN61364FP, HN613128FP 

FG-20D HM10480F Series, HM100480F 

FG-22D HM10490F, HM100490F 

FG-24 HM100422F, HM100474F Series 


@ CHIP CARRIER 


eCG-20 @CG-22A 


S 


10.80 + 0.381 12.45+0.3 
(0.475 + 0.032) 


(0. eee) _. 


1.62+0.3(0.300+ 0.012) 





7.37 + 0.38! 
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ine] 
o 
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om 
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i] 
So 
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o 
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§/ (mmonnon 
gl 
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2.25max 
(0.089max.) 


2.2max 
(0.087max.) 
2. Imax. 


Ww 
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65 (0. 
2.03 (0.080) 
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mee 
0.64(0.025) 1.27(0.05) (0. oe a 7 oe 
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PACKAGE INFORMATION 
Unit: mm (inch) Scale 1% 


13.39 + 0.12(0.527 + 0.005) 
12.45(0.490) 


8.18+0.12 
(0.322 + 0.005) 
7.34(0.289) 


(0.134 +0.008) 


HERE 
127.1 UT lee 


(0.05 )} ‘g’ag (0.024)} (0.027 ) 


e CP-20D 


0. 
252055 i2 


(0.08740-008) 
16.9(0.665) ee ; 0.60(0.024) 
br 17.27max.(0.680max.) | | iE 


8.64+0.12 
(0.340 + 0.005) 
7.62(0.30) 

(0.340+0.005) 


| 
0.74(0.029) 


' tic 0.100.004) APY FA AA FA PAN TU 0 
AA AA y Coy (Blo. 106- 000) ARRAY ‘ a = 


0.43 +0.10 {i po > (0.267 £0.03) 0.430.10 
(0.017 + 0.004) (0.01740.004) 


0.74(0.029) 


+0.2 
(0. 008) 


3.40 
3.5+0.26 
(0.138+0.01) 





Applicable ICs 


CG-20 HM6267CG Series 

CG-22A HM6287CG Series, HM6787CG Series, HM100490CG 
CG-24 HM100422CG, HM100415CG 

CG-28 HM10494LCG 


HM50464CP Series, HM50256CP Series, HM50257CP Series, HM51256CP Series, 


ese HM51256LCP Series, HM51258CP Series 
CP-20D HM511000JP Series, HM511000SJP Series, HM511001JP Series, HM511001SJP Series, 
HM511002SJP Series, HM514256JP Series, HM514258JP Series 
CP-24D HM6288JP Series, HM6789JP Serics, HM6789HJP Series, HM6287HJP Series, HM67075JP Series, HM6708JP Series 
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M RELIABILITY OF HITACHI IC MEMORIES 





1. STRUCTURE 

IC memories are basically classified into bipolar 
type and MOS type and utilized effectively by their 
characteristics. The characteristic of bipolar memo- 
ries is high speed but small capacity, instead, MOS 
memories have large capacity. There are also dif- 
ferences in circuit design, layout pattern, degree of 
integration, and manufacturing process. These 
memories have been produced with the standardized 
concept of design and inspection all through the 


@ Table 1 Basic Cell Circuit of 1C Memories 





Bipolar memory 
(RAM) 


Buffer memory, 
control memory 
of high-speed 
computer 






Classification 


Microcomputer 
control use 





Application 






Example of 
basic cell 
circuit 


Dies of IC memories are produced in various pack- 
ages. In this process of packaging, Hitachi has also 
innovated new techniques and ensured to high level. 
As packages for IC memories, cerdip (glass-sealed) 
packages and plastic packages are currently used. 
Also such packages as LCC (Leadless Chip Carrier) 
or SOP (Small Outline Package) have been devel- 
oped for high density packaging. Cerdip packages 
sealed hermetically are suitable for equipment re- 
quiring high reliability. Plastic packages are widely 
applied to many kinds of equipment. Hitachi 
plastic packages have been improved the reliability 


@ Table 2 IC Memory Package Outline 
®@ Cerdip 


® 16 pin 


® 18 Pin 


Bipolar memory NMOS memory 
(PROM) (Dynamic RAM) 


Le 


®@ 20 Pin 


processes of designing, manufacturing and inspec- 
tion. | 

IC memories are constituted by the unit patterns 
called cells, which are integrated in high density. 
The knowhows based on our experience have been 
applied in every production stage. In addition, re- 
liability has been ensured using TEG (Test Element 
Group) evaluation. Examples of cell circuits of 
bipolar and MOS memories are shown in Table 1. 





NMOS, CMO 
memories 
Static RAM 





NMOS memory 
(PROM) 





For 
microcomputer 
control 





Main memory of computer, 
microcomputer memory 










level as highly as that of the hermetically sealed 
packages. Table 2 shows the outlines of the Hitachi 
packages. 


@ 24 Pin 
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Reliability of Hitachi IC Memories 





@ 28 Pin with Lid | @ 32 Pin with Lid 


®@ Plastic DIP 
® 16 Pin ® 18 Pin @ 24 Pin 


@ 24 Pin @ 28 Pin 





® Leadless Chip Carrier | 
®@ 20 Pin @ 22 Pin @ 24 Pin 





= SOP = PLCC = SOJ 
© 24 Pin © 28 Pin © 18 Pin © 26/20 Pin @ 24 Pin 
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Reliability of Hitachi IC Memories 


2. RELIABILITY Results of reliability tests are listed below. 


2.1 Reliability Test Data on Bipolar Memories 
The reliability test data on the bipolar memories are 
shown in Table 3 and 4. Since they are manufac- 


ty control, there is no difference in reliability 
among the various types. And the larger the capac- 
ity is, the higher the reliability per bit becomes. 





tured under the standardized design rules and quali- 


@ Table 3 Results on Bipolar Memory Reliability Test (1) 














HM10470 (Cerdip) HM 100422 (Flat Package) 


Total ; 
Test Fail- 
ae component 
condition Pa hoins ures 


C.H. 
8.0x10* 


| Ta=150°C | 80 | 8.0x104 | 0 | 12x10" 





Test item Failure 





Test 


condition condition 




















Ta=125°C 
Vepz-5.2V 


gi Ta=125°C 

Ign- = 
tempentie VEE-4.SV 
(Operating) 

















Ta=150°C 
Ver=-5.0V 





1.2x10°5 




















4.0x10* 






Ver=-4.5V 
Ta=150°C 


Veg=-5.2V 
Ta=150°C 










8.0x 104 


@ Table 4 Results on Bipolar Memory Reliability Test (2) 


HM 10480 HM 10470 HM 100422 
Test item Test condition (Cerdip) (Cerdip) (Flat Package) 


|Samples| Failure | Samples] Failures | Sample | Failures 















Temperature cycling ~65°C~+150°C, 10 cycles | 40 | oO | 120 | O | 40 | 0 
Soldering heat 260°C, 10 seconds 22 a ae _ 
Thermal shock 0°C~+100°C, 10 cycles | 30 | oO | 36 | O | 20 | O 
1500G, 0.5ms, Three times | 

Variable frequency | timeseach for X,vand 2 | 40 | @ | 40 | 0 | 60 | 0 
Constant- 20000G, 1 minute, each for 

acceleration X,Y and Z 0 60 0 
2.2 Reliability test data on MOS memories The life test is performed at high temperature and 


2.2.1 Reliability test data on MOS DRAM and 
SRAM 

Table 5 and table 6 shows the reliability test 

data on the representative types of 256k DRAM 

(HM50256P), 1M DRAM (HM511000P), 64K 

SRAM (HM6264P), 256k SRAM (HM62256P). 


high voltage to evaluate the reliability of products 
using fewer samples. All failures are caused in 
manufacturing process, so we feedback the data into 
manufacturing process to improve the quality and 
reliability. 





@ Table5 Reliability Data on 256K and 1M DRAM 
HM50256P (Plastic) HM511000P (Plastic) 
, Test : Failure . Failure 
rotten | cation | Sr] eth, [Et| ‘ae [Sr] dale [ER| ‘ae | Bom 
(1 /hr) (1 /hr) 
150°C/8V 0.44108 CCE Se [ae eae eae ee 
High- 150°C/7V 0.60x10°| 0 | 1.53x10- 0.3x10° | 0 | 3.07x10~ | QxGceU™, 
x 
temperature | 125°C/8V_| 1100 | 1.28%10° | 5¥* | 4.89x10* | - | - | - |  — _| oxide tim 
operation 125°C/T7V__ [15477] 1.66x10° | 0 | 5.53x10-7 | 2338 | 0.70x10° | 1** | 2.89x10- [paar *° 
125°C/5.5V | 380 | 1.32x10°| 0 | 6.96x10-7 | 300] 0.60x10° | 0 | 1.53x10~ ou ne 
Moree sey ch, O80 a9 eles 1.05x10-* 0.60x10° oO) 1.53x10- | Corrosion | 
a 
ict hi ena 260) 0.13x10° so 7.07x10- | 100} 0.03x10° a 3.07x10-> | Pailure x 
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@ Table 6. Reliability Data on 64K and 256K SRAM 











HM6264P (plas 


Total Fail- 
test time | ures 






Test 


Test item condition 





tic) 



















HM62256P (plastic) 

Failure ca Total Failure | Remarks 
test time | ures 

(1 /hr) (1 /hr) 
























. 150°C/7V 0.10x10° | 1*! | 2.02x10-5 | 206 | 0.41x10° | 1** | 4.90x10* | + 1.3 
fesiperature | 125°C/8V_| 162 | 0.20x10% | 2*? | 1.55x10-* | 1394 | 0.84x10% | 3** | 4.96x10% | Pores xo 
pulse _ 125°C/7V__| 1014 | 1.16x10% | 2*? | 2.67x10* | 2578 | 0.69x10° [0 | 1.34x10% [FSP yy 
Moisture 85°C/85% 6 6 6 -7 | fail 1 
eAdGcnice RH 7V 0.30x10 oO 3.07x10 1.08x10 fo 5.52x10 5 PSG : 

allure x 
Pressure 121°C/ 4 -5 4 -s | Foreign 
pewue  [120C | 5 |aaonio* [0 | atenio* | 180 |saonior [o | i.7oxto* | Pay“ 





* Confidence level 60% 


2.2.2 Reliability Test Data on EPROM 

EPROM has two types; conventional EPROM with 
transparent window and one time programmable 
ROM (OTPROM) packaged in plastic package. Table 








7 shows reliability test data on ‘the representative 
EPROM types of 256k EPROM (HN27256, 
HN27256P), 1M EPROM (HN27C101, HN27C301). 


® Table 7. Reliability Data on 256K and 1M EPROM 
HN27256 (Cerdip/Plastic) HN27C101/HN27C301 
Test item s Se - Total Fail- Failure Sam- Total Fail- Failure Remarks 
Z test time | ures Fate ples | test time | ures rate 
(1 /hr) (1 /hr) 

High temp. | 125°C/5.5V o3xi0" | 0 | aeexio* | — [= |=) - 
Operation 125°C/7V 0.52x10° | 0 | 1.78x10% 0.16x10° | 0 | 5.90x10* |*1 

: ° 5 *1 -6 5 -« | Data 
High- 200°C 2.80x105 | 1*! | 7.21x10% | 80 | 1.05x105|0 | 8.76x10 aapetee 
temperature | 250°C 2.20x105 | 9*! | 4.75x10-° | 80 | 1.05x105 4.99x10°5 x67 
ae 300°C | 86_ | 0.43x105 |53*4 | 123x107 | - | - | - | - | 
Moisture 85°C/85% 6 - Data of 

° OTPROM 

Pressure 121°C/ 5 7 
ser [ate | fom] o fmf] — [| 


* Confidence level 60%. 


The failure shown in table 7 is due to the data dis- 
sipation in memory cells. Getting thermal energy, 
electrons in memory cells are activated and go 
through the floating gate. In actual usage, however, 
it has no problem because this phenomenon de- 


pendes on temperature (about 1.0eV of activated. 


energy) greatly. The moisture resistance of 


OTPROM is also satisfactory. 


Table 8 shows the example of PROM derating. 
When derating, the parameter is generally only the 
temperature because other operating conditions are 
specified. Especially to lower the junction tempera- 
ture during mounting is important for stabilizing the 
Operation relative to access time, refresh time and 
other characteristics. 
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Reliability of Hitachi IC Memories 


@ Table 8 Example of EPROM Derating 


: sien tid Electrical Characteristics, 
: . Increase of leak current 


Results: 
The result from high temperature baking of PROM 
is shown in the right figure. 





















0 2 
10°/ Tj 





5 3.0 
(K7!) 








Note: Decreasing junction temperature shown in the figure will promise the higher psittlr att The junction temperature 
can be calculated by a formula : Tj = Tg + @jg*Pq 9ja in about 100°C/W with no air flow and about 60 to 
70° C/W with 2.5 m/s air flow. 





2.2.3 Reliability Data on MASK ROM 
Table 9 shows the reliability test data on 256k and 
1M bit MASK ROM. MASK ROM is patterned ac- 


cording to ROM information in manufacturing 
process, sO data dissipation isn’t occurred in high 
temperature like EPROM and EEPROM. 


@ Table 9. Reliability Data on 256K and 1M MASK ROM 
HN613256P (Plastic) 





















HN6 2301P (Plastic) 












Test item - en — Total Fail- es Total Fail- . aie Remarks 
test time | ures (1 fhr) test time {| ures (1 fhr) 
High-temp. 1o2xio® | - | - 


125°C/5.8V_| 90 | 0.9x10° | 0 _| 


i 
dea 3.74x10° 


0 1.15x10~* 1.56x10* ee 5.90x10°° 








operaton 125°C/7V 0.5x10° | 0 | 1.84x10-* 2.46x105 
Moisture : 
endurance 1.2x10 


Pressure 121°C/ 
cooker 100% RH 


0.8x104 
* Confidence level 60%. 


85°C/85% 








2.2.4 Reliability Data on MOS Memory (The result 
of environment test) 

Table 10 shows examples of each environment test 

data. They show good results without any failure 

even in severe environment. 

Vr of MOS transistor is one of the basic process 


@ Table 10 Reliability Data on MOS Memories 


Test item 





Temperature cycling 10 cycle 

Temperature cycling Sede O°C | 540 
Thermal shock eee ci 50°C 
Soldering heat 


Mechanical shock 1,500G, 0.5ms 


Variable frequency cue 000Hz S| 


Constant-acceleration | 20,000G 


260°C, 
ides | 72] 0 
‘03ma_ [= [= 


parameters in MOS memory, which has almost no 
change using surface stabilization technology and 
clean process. Table 2 shows the examples of time 
changes for 256K DRAM; Vcc min. (Vipin) and 
access time (tac) in high temperature pulse test. 


ROM |HM511000P| HM6264P | HM62256P 


‘Cs 
Test condition Cee) (Cerdip) 
Fail- | Sam- 
ure 


ples 


(Plastic) (Plastic) (Plastic) 


- ESE 
ures ures ures ures 
9 | 200/ 0 | 10] 0 | ais | 0 | 
(9 | so] 0 | 76] 0 | ss] 0 | 
poe) Oe ee 
Oe ele eds) 
OF ee fee pe = f=. 16,0006 
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2.3 Change of Electrical Characteristics on IC 
Memory 

The degradation of Icgo and hr_e are the main 

factors of degradation in inner cell transistor of 

bipolar memory. In actual element designing, how- 


Fig. 1 Time Dependence in Access Time for HM10470 
Example 

| HM 10470 

Test condition Ta=128°C, VEE=-5.2V 


Failure criteria 


Device name 


taa=25ns 


Failure mechanism Surface degradation 


Results: 


Access time (ta a) is stabilized and is within the failure 
criteria. 


Fig.2 Time Dependence in Vpp min and trac for HM50256 


Example 


Failure criteria 
Failure mechanism 


Results: 
Both of Vpp (min) and tr 4c are stabilized. 


Device name 


Test condition 


Note: Test accuracy is 0.2V, 2ns. 


2.4 Failure Mode Rate 

Figure 3 and 4 show examples of failure mode 
happened in users’ application. Since IC memories 
require the finest pattern process technology, the 
percentage of failures, such as pinholes, defects on 


ever, it is designed to operate in the range at which 
no degradation happen. Therefore no change of 
characteristics including access time are observed. 
Time dependence in access time for HM10470 are 
shown in Fig. 1. 


Example of time change in access time for Bipolar memory 
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photoresist and foreign materials, tends to increase. 
To eliminate the defects in the manufacturing 
process, Hitachi has improved the process and 
performed 100% burn in screening under high tem- 
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perature. Hitachi has been collecting and checking 
customers’ process-data and marketing data for 
higher reliability of our products. To analyze them 
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Fig. 3 Failure Mode Rate of Bipolar Memory 


3. SOFT ERROR 


3.1. Reliability Characteristics for Semiconductor 
Devices 
Hitachi semiconductor devices are designed, manu- 
factured and inspected so as to achieve a high level 
of reliability. Accordingly, system reliability can be 
improved by combining highly reliable components 
along proper environmental conditions. This 
section describes reliability characteristics, failure 
types and their mechanisms in terms of devices. 

First, semiconductor device characteristics are 

examined in light of their reliability. 

(1) Semiconductor devices are essentially structure 
sensitive as seen in surface phenomenon. Fab- 
ricating the device requires precise control of a 
large number of process steps. 

(2) Device reliability is partly governed by elec- 
trode materials and package materials, as well as 
by the coordination of these materials with the 
device materials. | 

(3) Devices employ thin-film and fine-processing 
techniques for metallization and bonding. Fine 
materials and thin film surfaces sometimes 
exhibit physically different characteristics from 


the bulks. 
(4) Semiconductor device technology advances 
drastically: Many new devices have been 


developed using new processes over a short 
period of time. Thus, conventional device re- 
liability data cannot be used in some cases. 

(5) Semiconductor devices are characterized by 
volume production. Therefore, variations 
should be an important consideration. 

(6) Initial and accidental failures are only con- 
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is very helpful for the improvement of designing and 
manufacturing. 
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Fig. 4 Failure Mode Rate of MOS Memory 


sidered to be semiconductor device failures 
based on the fact that semiconductor devices 
are essentially operable semipermanently. 
However, wear failures caused by worn mate- 
rials and migration should be also reviewed 
when electrode and package materials are not 
suited for particular environmental conditions. 

(7) Component reliability may depend on device 
mounting, conditions for use, and environment. 
Device reliability is affected by such factors as 
voltage, electric field strength, current density, 
temperature, humidity, gas, dust, mechanical 
stress, vibration, mechanical shock, and radia- 
tion magnetic field strength. 


Initial failure region 
: Declining failure rates (m<1) 
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: Rising failure rates (m>1) 
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Fig.5 Typical failure rate curve 


Device reliability is generally represented by the 
failure rate. ‘Failure’ means that a device loses 
its function, including intermittent degradation 
as well as complete destruction. 

Generally, the failure rate of electric com- 
ponents and equipment is represented by the 
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bathtub curve shown in Fig. 5. For semicon- 
ductor devices, the configuration parameter of 
the Weibull distribution is smaller than 1, which 
means an initial failure type. Such devices 
ensure a long lifetime unless extreme environ- 
mental stress is applied. Therefore, initial and 
accidental failures can become a problem for 
semiconductor devices. Semiconductor device 
reliability can be physically represented as well 
as statistically. Both aspects of failures have 
been thoroughly analyzed to establish a high 
level of reliability. 


3.2 Failure Types and Their Mechanisms 
3.2.1 Failure physics 
Failure physics is, in a broad sense, a basic tech- 
nology of “physics + engineering’. It is used to 
examine the physical mechanism of failures in terms 
of atoms and molecules to improve device reliabili- 
ty. This physical approach was introduced to the 
reliability field with the demand for minimized de- 
velopment cost and period, as technology rapidly 
developed and system performance increased, re- 
quiring more complex and higher levels of reliabili- 
ty. These conditions derived from the development 
of solid state physics (semiconductor physics) after 
World War II and associated device development. 
Failure physics have been employed to: 
1) Detect failed devices as soon as possible 
2) Establish models and equation used for failure 
prediction 
3) Evaluate reliability in short periods by acceler- 
ated life test 
The purpose of the failure physics approach is to 
contribute to reliability related fields such as 
product design, prediction, test, storage and usage 
by adding physics as a basic technology to conven- 
tional experimental and statistical approaches. 


3.2.2 Failure types and their mechanism 

Device failures are physically discussed in this 
section. Semiconductor device failures are basically 
categorized as disconnection, short-circuit, de- 
terioration and miscellaneous failures. These 
failures and their causes are summarized in Table 
11. Typical failure mechanisms are reviewed next. 
(1) Surface Deterioration 

The pn junction has a charge density of 10'* — 
107° /cm?. If charges exceeding the above density 
are accumulated on the pn junction surface, partic- 
ularly adjacent to a depletion layer, electric 
characteristics of the junction tend to be easily 
varied. . Although the surface of such devices as 


planar transistors is generally covered with a SiO, 
film and is in an inactive state, the possibility of 
deterioration caused by surface channels still exists. 
Surface deterioration depends heavily on applied 
temperature and voltage and is often handled by the 
reaction model. 

One example of recent failures is surface deteriora- 
tion caused by hot carriers. Hot carriers are 
generated when such devices as MOS dynamic 
RAMs are operated at a voltage near the minimum 
breakdown voltage BVpg by raising internal voltage 
and when a strong electric field is established near 
the MOS device’s drain resulting from reduced de- 
vice geometry from 3 um to 1.3 um. Generated hot 
carriers may affect surface boundary characteristics 
on a part of the gate oxide film, resulting in de- 
gradation of threshold voltage (V+) and counter 
conductance (gm). Hitachi devices have employed 
improved design and process techniques to prevent 
these problems. However, as process becomes finer, 
surface deterioration may possibly become a serious 
problem. 

(2) Electrode-related Failures | 

Electrode-related failures have become increasingly 
important as multi-layer wiring has become more 
complicated. Noticeable failures include electro- 
migration and Al! wiring corrosion in plastic sealed 
packages. 

(4) Electromigration 

This is a phenomenon in which metal atoms are 
moved by a large current of about 10° A/cm? 
supplied to the metal. When ionized atoms collide 
with current of about scattering electrons, an 
‘electron wind’ is produced. This wind moves the 
metal atoms in the opposite direction from the 
current flow, which generates voids at a negative 
electrode, and hillock and whiskers at an opposite 
one. The generated voids increase wiring resistance 
and cause excessive currents to flow in some areas, 
leading to disconnection. The generated whiskers 
may cause shortcircuits in multi-metal line. 

(2) Multi-metal line related failures 

Major failures associated with multi-metal line 
include increased leak currents, shortcircuits caused 
by a failed dielectric interlayer, and increased 
contact metal resistance and disconnection between 
metal wirings. 

(3) Al line corrosion and disconnection 

When Plastic encapsulated devices are subjected to 
high-temperatures, high-humidity or a bias-applied 
condition, Al electrodes in devices can cause corro- 
sion or disconnection (Fig. 6). Under high-tempera- 
ture and high-humidity, corrosions are randomly 
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Fig.6 Categorized Al corrosion mode 


‘Pit Corrosions 


Pit Corrosions 


generated over the element surface. However, after 
an extended period of time, the corrosions have not 
significantly increased. Accordingly, this failure is 
possibly due to an initial failure associated with 
manufacturing. It is also verified that this type of 
failure can be generated when the adhesion surface 
between an element and resin is separated or when 
foreign materials are attached to the element with 
human saliva. Under a bias-appllied, high-tempera- 
ture, high-humidity condition, on the other hand, 
corrosions are generated in higher potential areas 
while in lower potential areas, grain corrosion 
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Fig. 7 Plastic package cross section and Al corrosion 
mechanism 
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occurs. Once this failure occurs in part of a device, 
the device can become worn out in a relatively short 
time. This failure proves to depend on the hydro- 
scopic volume resistivity of sealed resin. The Al line 
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corrosion mechanism described above is summarized 
in Fig. 7. 
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Fig.8 An Example of Moisture Resistance by High temp. 
and High humidity and bias 
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Fig.9 Relationship between temperature and Time 
to 1% failure 

(3) Bonding related failures 

(1) Degradation caused by intermetallic formation 
Bonding strength degradation and contact resistance 
increase are caused by compounds formed in con- 
nections between Au wire and Al film or between 
Au film and Al wire. These are the most serious 
problems in terms of reliability. The compounds 
are formed rapidly during bonding and are increased 
through thermal treatment. Consequently, Hitachi 
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products are subjected to a lower-temperature, 
shorter-period bonding whenever possible. 
(2) Wire creep 
Wire creep is wire neck destruction in an Au ball 
along an intergranular system occurring when a 
plastic sealed device is subjected to a long-term 
thermal cycling test. This failure results from 
increased crystal grains due to heat application 
when forming a ball at the top of an Au wire, or 
from an impurity introducing to the intergranular 
system. Bonding under usual conditions with no 
loop configuration failures does not cause this 
failure unless a severe long-term thermal cycling test 
is applied. Accordingly, wire creep is not a problem 
in actual usage. | 
(3) Chip crack 
With the increase in chip size associated with the 
increased number of incorporated functions, more 
problems have been occurring during assembly, such 
as chip cracks during bonding. Bonding methods 
include Au-silicon eutectic, soldering and Ag-paste. 
Soldering and Ag-paste exhibit few chip crack 
problems. For Au-silicon eutectic, in contrast, large 
stress is applied to a pellet due to its strength and 
high temperature resistance for attachment, which 
may result in critical chip defects. Today, the chip 
destruction limit can be determined by finite- 
element analysis and by distortion measurement 
using a fine accuracy gauge. Ideally, Au-silicon 
eutectic should be evenly applied over the entire 
surface. However, this is difficult due to the 
existence of a silicon oxide film on the silicon back 
surface. Therefore, specifications for Au-silicon 
eutectic have been established based on stress 
analysis and thermal cycling test results. 

(4) Reduced maximum power dissipations 

For power devices, heat fatigue due to thermal 

expansion coefficient mismatch among different 

materials deteriorates thermal resistance. This 
results in decreased maximum power dissipations. 

(4) Sealing related failures 

Hermetic sealing packages, including metal, glass, 

ceramic, and all other types, have the possibility of 

the following failures. 

1. Al line corrosion on the chip surface due to slight 
moisture and reaction between the different 
ionized materials. 

2. Intermittent moving foreign metals short 

3. Al line corrosion due to extraneous HO caused 
by hermetic failure 

Moving foreign matter, even if it is a non-active 

solid, can be charged up within a cavity during move- 


ment, thereby inducing parastic effects and metal 
shorts. The foreign matter detection method is 
specified by MIL-STD-883C, PIND (Particle Impact 
Noise Detection) Test. The PIND test consists of 
filtering a particle impact waveform (ultrasonic 
waveform), detecting it with a microphone, and 
then amplifying. 

(5) Disturbance 

(Electrostatic discharge destruction 

Destruction caused by electrostatic discharge is a 
problem common to semiconductor devices. A 
recent report introduced three modes of this failure; 
the human body model, charged device model and 
field induced model. 

The human body is easily charged. A person just 
walking across a carpet can be charged up to 15000 
V. This voltage is high enough to destroy a device. 
An equivalent circuit of the human body model is 
shown in Fig. 10. The human body’s capacitance 
Cb and resistance Rb are 100 to 200 pF and 1000 
to 2000Q2, respectively. Assuming a body is charged 
with 2000V, the dissipated energy is obtained as 
follows: With a time constant of 10°” sec, the dis- 
sipated energy is 2 KW, which is enough to destroy 
a small area of a chip. 


t—-vwv1——e 


Cb Rb Rd Re 


cb —-Human Body Capacity 

Rb — Human Body Resistance 

Rd— Device Resistance 

Rc — Resistance Between Device and Ground 


= $ CbV? =0.2 x 107J 


Fig. 10 Equivalent circuit of human body model 


In the charged device model, charges are accumulat- 
ed in a device, not a human body, and discharged 
through contact resistance during a short time. The 
equivalent circuit of this model is shown in Fig. 11. 
Device size and device position relative to GND are 
important parameters in this model since the model 
depends on device capacity. 

In the field induced model a device is left under a 
strong electric field or is affected by neighboring 
high voltage material. Since the capacitor of device 
or lead of device acts like an antenna, the following 
cases will possibly cause destruction. 1) a device is 
incorporated into a high electric field such as a 
CRT, 2) a device is left under a high-frequency 
electric field and 3) a device is moved with a con- 
tainer charged at high voltage, such as a tube. 
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Fig. 11 Equivalent circuit of charging model 


2 Latch up 

Latch up is a problem unique to CMOS devices. 
This problem is a thyristor phenomenon caused by 
a parasitic PNP or NPN transistor formed in the 
CMOS configuration. Latch up occurs when an 
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forward current flows through the input protection 
diodes or output parasitic diodes. 

GQ) Soft errors 

When «a particles are generated from uranium or 
thorium in a package the silicon surface of an LSI 
chip, electron-hole pairs are formed which act as 
noise to data lines and other floating nodes, causing 
temporary soft errors. This phenomenon is shown 
in Fig. 12. Only electrons from among the electron- 
hole pairs are only collected to a memory cell. Asa 
result, the cell changes from a state of 1 to 0, which 
is a soft error. 

Hitachi devices have been subjected to simulation 
and irradiation tests to prevent soft errors. In some 
cases, Organic material, PIO, is applied to the surface 
of the device. 





accidental surge voltage exceeding a maximum 
rating, a power supply ripple, an unregulated power 
supply and noise is applied, or when a device is 
operated from two sources having different set-up 
voltages. These cases can cause input or output 
current to flow in the opposite direction from usual 
flow, which triggers parasitic thyristors. This results 
in excessive current flowing between a power supply 
and ground. This phenomenon continues until the 
power is off or the flowing current is forced to be 
reduced to a certain level. Once latch upoccursin an 
operating device, the device will be destroyed. 
Much effort should be made in designing circuits to 
prevent latch up. Latch up triggering input or 
output currents start to flow under the following 
conditions. 

Vin <Vcc or Vin < GND for input level 

Vout > Vcc or Vout < GND for input level 
Therefore, circuits should be designed so that no 





Fig. 12 Soft error caused by a particles in dynamic memory 


Table 11 


Failure causes and mechanism 


Failure mechanisms 


Failure related causes Failure modes 













Passivation Surface oxide film, Pin hole, Crack, Uneven Withstanding voltage 
Insulating film between thickness, Contamination, reduced, Short, Leak 
wires Surface inversion, current increased, 

Hot carrier injected hFEF degraded, Threshold 
voltage variation, Noise 

Metallization Interconnection, Flaw, Void, Mechanical Open, Short, 












Contact, Through hole damage, Resistance increased 
Break due to uneven 
surface, Non-ohmic 
contact, Insufficient 
adhesion strength, 
Improper thickness, 
Electromigration, 


Corrosion 
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Failure related causes 


Connection Wire bonding, 
Ball bonding 
Wire lead Internal connection 


Diffusion, Junction Junction diffusion, 
Isolation 





Failure mechanisms 


Bonding runout, 
Compounds between metals, 
Bonding position mismatch, 
Bonding damaged 


Failure modes 





Open, Short 
Resistance increased 





Disconnection, 
Sagging, Short 


Open, Short 





Crystal defect, 
Crystallized impurity, 
Photo resist mismatching 





Connection between die 
and package 


Die bonding 


Package sealing Packaging, Hermetic 
Seal, Lead plating, 
Hermetic pakage & 


plastic package, Filler gas 





Peeling chip, Crack 


Integrity, 

moisture ingress, 
Impurity gas, High 
temperature, Surface 
contamination, Lead 
rust, Lead bend, break 





Foreign matter Foreign matter in package 





Input/output pin Electrostatistics, 


Excessive Voltage, Surge 
Disturbance a particle 


High electric field 





(6) Fine geometry related problems 

In response to higher integration requirements for 
memories and microcomputers, LSI geometry has 
been reduced in the way of 5um>3 ym 1.3 um. 


Dirt, Conducting foreign 
matter, Organic carbide 


Electron destroyed 





Electron hole generated 


Surface inversion 


Withstanding voltage 
reduced, Short 





Open, Short, Unstable 
operation, Thermal 
resistance increased 


Short, Leak current 
Increased, Open, Corrosion 


disconnection, Soldering 
failure 


Short, Leak current 
increased 


Short, Open, Fusing 


Soft error 


Leak current increased 


However power supply has not been scaled down 
used for 5V, only line dimensions have been fined 
increasingly. Problems associated with finer geo- 
metry are shown in Table 12. 


Table 12 Finer geometry related problems 


Item Problems 


5V single supply voltage 
- SiO, defects 


Horizontal dimension - Soft errors by a particles 
reduction ¢ Al reliability reduced 


* CMOS latch up 
¢ Mask alignment margin reduced 
- Hot carriers 


Vertical & horizontal 
dimension reduction 


¢ Breakdown voltage of gate oxide films 








Countermeasure 


Oxide film formation process improved 
* Cleaning 

- Gettering 

- Screening 


Surface passivation film improved 
* Metallization improved 

- Design/layout improved 

* Process improved 





- Higher breakdown voltage not permitted | Use of low voltage examined 
- Electrostatic discharge resistance reduced | » Configuration improved 


¢ Protection circuits enhanced 
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M@ QUALITY ASSURANCE OF IC MEMORY 


1. VIEWS ON QUALITY AND 
RELIABILITY 


Hitachi basic views on quality are to meet individual 

users’ purpose and their required quality level and 

also to maintain the satisfied level for general ap- 

plication. Hitachi has made efforts to assure the 

standardized reliability of our IC memories in actual 

usage. TO meet users’ requests and to cover expand- 

ing application, Hitachi performs the followings; 

(1) Establish the reliability in design at the stage of 
new product development. 

(2) Establish the quality at all steps in manufactur- 
ing process. 

(3) Intensify the inspection and the assurance of re- 
liability of products. 

(4) Improve the product quality based on market- 
ing data. 

Furthermore, to get higher quality and reliability, 

we cooperate with our research laboratories. 

With the views and methods mentioned above, 

Hitachi makes the best efforts to meet the users’ re- 

quirements. 


2. RELIABILITY DESIGN OF 
SEMICONDUCTOR DEVICES 


2.1 Reliability Target 

Establishment of reliability target is important in 
manufacturing and marketing as well as function 
and price. It is not practical to determine the re- 
liability target based on the failure rate under single 
common test condition. So, the reliability target is 
determined based on many factors such as each 
characteristics of equipment, reliability target of 
system, derating applied in design, operating condi- 
tion and maintenance. 


2.2 Reliability Design 

Timely study and execution are essential to achieve 

the reliability based on reliability targets. The main 

items are the design standardization, device design 

including process and structural design, design 

review and reliability test. 

(1) Design Standardization 
Design standardization needs establishing design 
rules and standardizing parts, material, and 
process. When design rules are established on 
circuit, cell, and layout design, critical items 
about quality and reliability should be ex- 
amined. Therefore, in using standardized 


process or material, even newly developed prod- 
ucts would have high reliability, with the excep- 
tion of special requirement on function. 
(2) Device Design 
It is important for device design to consider 
total balance of process design, structure 
design, circuit and layout design. Especially in 
case of applying new process or new material, 
we study the technology prior to development 
of the device in detail. 
(3) Reliability Test by Test Site 
Test site is sometimes called Test Pattern. It is 
useful method for evaluating reliability of 
designing and processing ICs with complicated 
functions. 
1. Purposes of Test Site are as follows; 
e Making clear about fundamental failure mode; 
e Analysis of relation between failure mode and 
manufacturing process condition. 
e Analysis of failure mechanism. 
e Establishment of QC point in manufacturing. 


2. Effects of evaluation by Test Site are as follows; 


e Common fundamental failure mode and 
failure mechanism in devices can be evaluated. 

e Factors dominating failure mode can be 
picked up, and compared with the process 
having been experienced in field. 

e Able to analyze relation between failure 
causes and manufacturing factors. 

e Easy to run tests. 


2.3 Design Review 

Design review is a method to confirm systematically 

whether or not design satisfies the performance 

required including by users, follows the specified 

ways, and whether or not the technical items 

accumulated in test data and application data are 

effectively applied. 

In addition, from the standpoint of competition 

with other products, the major purpose of design 

review is to insure quality and reliability of the 

product. In Hitachi, design review is performed 

in designing new products and also in changing 

products. 

The followings are the items to consider at design 

review. 

(1) Describe the products based on specified design 
documents. 

(2) Considering the documents from the standpoint 
of each participant, plan and execute the sub- 
program such as calculation, experiments and 
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investigation if unclear matter is found. 

(3) Determine the contents and methods of reliabil- 
ity test based on design document and drawing. 

(4) Check process ability of manufacturing line to 
achieve design goal. 

(5) Arrange the preparation for production. 

(6) Plan and execute the sub-programs of design 
changes proposed by individual specialists, for 
tests, experiments and calculation to confirm the 
design change. 

(7) Refer to the past failure experiences with 
similar devices, confirm the prevention against 
them, and plan and execute the test program 
for confirmation of them. 

In Hitachi, these study and decision at design review 

are made using the individual check lists according 

to its objects. 


3. QUALITY ASSURANCE SYSTEM OF 
SEMICONDUCTOR DEVICES 


3.1 Activity of Quality Assurance 

The following items are the general views of overall 

quality assurance in Hitachi; 

(1) Problems is solved in each process so that even 
the potential failure factors will be removed at 
final stage of production. 

(2) Feedback of information is made to insure 
satisfied level of process ability. 

As the result, we assure the reliability. 
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Fig. 1 Flow Chart of Qualification 
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3.2 Qualification 

To assure the quality and reliability, the qualifica- 

tion tests are done at each stage of trial production 

and mass production based on the reliability design 

described in section 2. 

The followings are the views on qualification in 

Hitachi: 

(1) From the standpoint of customers, qualify the 
products objectively by a third party. 

(2) Consider the failure experiences and data from 
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customers. 

(3) Qualify every change in design and work. 

(4) Qualify intensively on parts and materials and 
process. 

(5) Considering the process ability and factor of 
manufacturing fluctuation, establish the control 
points in mass production. 

Considering the views mentioned above, qualifica- 

tion shown in Fig. 1 is done. 
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Fig.2 Flow Chart of Quality Control in Manufacturing Process 
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3.3 Quality and Reliability Control in Mass Produc- 
tion 

To assure quality in mass production, quality is 

controlled functionally by each department, mainly 

by manufacturing department and quality assurance 

department. The total function flow is shown in 

Fig. 2. 


3.3.1 Quality Control on Parts and Materials 

With the tendency toward higher performance and 
higher reliability of devices, quality control of parts 
and materials becomes more important. The items 
such as crystal, lead frame, fine wire for wire bond- 
ing, package and materials required in manufactur- 
ing process like mask pattern and chemicals, are all 
subject to inspection and control. 

Besides qualification of parts and materials stated in 
3.2, quality control of parts and materials is defined 
in incoming inspection. Incoming inspection is per- 
formed based on its purchase specification, drawing 
and mainly sampling test based on MIL-STD-105D. 
The other activities for quality assurance are as 
follows. 


@ Table 1. Quality Control Check Points of Parts 
and Material (example) 


Material, Important ; : 
Parts Control Items Point for Check 


Appearance 






tion on Surface 










Dimension Flatness 


























wales Sheet Resistance Resistance 
Defect Density Defect Numbers 
Crystal Axis abe. sane ed 
Appearance Defect Numbers, Scratch 
Mask Dimension Dimension Level 
Resistoration 
Gradation Uniformity of Gradation 
Fine Appearance Contamination, Scratch, 
Wire for Bend, Twist 
Wire Dimension 
Bonding Purity Purity Level 
Elongation Ratio Mechanical Strength 
, Appearance Contamination, Scratch 
Dimension Dimension Level 
Processing 
Frame Accuracy 
Plating Bondability, Solderability 
Mounting Heat Resistance 
Characteristics 


Appearance Contamination, Scratch 
Dimension Dimension Level 
Leak Resistance Airtightness 
Plating Bondability, Solderability 
Ceramic Mounting Heat Resistance 
Package Characteristics 
Electrical 
Characteristics 
Mechanical Mechanical Strength 
Strength ee 
Composition Characteristics of 
Plastic Material 
Electrical 
Characteristics 
‘ Thermal 
piss Characteristics 
Molding Molding Performance 
Performance 
Mounting Mounting Characteristics 


Characteristics 


Damage and Contamina- 





(1) Technology Meeting with Vendors 

(2) Approval and Guidance of Vendors 

(3) Analysis and tests of physical chemistry. 

The typical check points of parts and materials are 
shown in Table 1. 


3.3.2 Inner Process Quality Control 

To control inner process quality is very significant 
for quality assurance of devices. The quality 
control of products in every stage of production is 
explained below. Fig. 3 shows inner process quality 
control. 

(1) Quality Control of Products in Every Stage of 

Production 

Potential failure factors of devices should be re- 
moved in manufacturing process. Therefore, check 
points are set up in each process so as not to move 


the products with failure factors to the next 


process. Especially, for high reliability devices, 

manufacturing lines are rigidly selected in order to 

control the quality in process. Additionally we per- 

form rigid check per process or per lot, 100% 

inspection in proper processes so as to remove 

failure factors caused by manufacturing fluctuation, 

and screenings depending on high temperature aging 

or temperature cycling. Contents of controlling 

quality under processing are as follows: 

e Control of conditions of equipment and workers 

and sampling test of uncompleted produsts. 

Proposal and execution of working improvement. 

Education of workers 

Maintenance and improvement of yield 

Picking up of quality problems and execution of 

countermeasures toward them. 

e Communication of quality information. 

(2) Quality Control! of Manufacturing Facilities and 
Measuring Equipment 

Manufacturing facilities have been developed with 

the need of higher devices in performance and the 

automated production. It is also important to de- 

termine quality and reliability. 

In Hitachi, automated manufacturing is promoted 

to avoid manufacturing fluctuation, and the opera- 

tion of high performance equipment is controlled to 

function properly. 

As for maintenance inspection for quality control, 

daily and periodically inspections are performed 

based on specification on every check point. 

As for adjustment and maintenance of measuring 

equipment, the past data and specifications are 

clearly checked to keep and improve quality. 
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(3) Quality Control of Manufacturing Circumst- 


ances and Sub-material. 

Quality and reliability of devices are affected 
especially by manufacturing process. There- 
fore, we thoroughly control the manufacturing 
circumstances such as temperature, humidity, 
dust, and the sub-materials like gas or pure 
water used in manufacturing process. 


Process Control Point 


Purchase of Material 


Wafer Characteristics, Appearance 


Surface Oxidation Oxidation 


Inspection on Surface 

Oxidation 

Photo Resist Photo 
Resist 

Inspection on Photo Resist 


© PQC Level Check 


Appearance, Thickness of 
Oxide Film 


Dimension, Appearance 


$$$ Quality ASSUrance of IC Memory 


Dust control is essential to realize higher in- 
tegration and higher reliability of devices. To 
maintain and improve the clearness of manufac- 
turing site, we take care buildings, facilities, air- 
conditioning system, materials, clothes and 
works. Moreover, we periodically check on 
floating dust in the air, fallen dust or dirtiness 
on floor. 


Purpose of Control 


Scratch, Removal of Crystal 
Defect Wafer 


Assurance of Resistance 
Pinhole, Scratch 


Dimension Level 


Check of Photo Resist 





Diffusion 


Inspection on Diffusion 


© PQC Level Check 


Evaporation 


Inspection on Evaporation 
© PQC Level Check 


Wafer Inspection 


Inspection on Chip 
Electrical Characteristics 


Chip Scribe 


Inspection on Chip 


Appearance 


©PQC Lot Judgement 


Assembling 


©PQC Level Check 


Inspection after 


Assembling 


©PQC Lot Judgement 


Sealing 


©PQC Level Check 


Final Electrical Inspection 
©Failure Analysis 


Appearance Inspection 
Sampling Inspection on 


Products 
Receiving 


Shipment 


Diffusion 


Evapo- 
ration 


Wafer 


Chip 


Assembling 


Sealing 


Marking 


Diffusion Depth, Sheet 


Resistance 
Gate Width 


Characteristics of Oxide Film 
Breakdown Voltage 


Thickness of Vapor Film, 
Scratch, Contamination 


Thickness, Vru Characteris- 
tics 
Electrical Characteristics 


Appearance of Chip 


Appearance after Chip 
Bonding 

Appearance after Wire 
Bonding 

Pull Strength, Compresion 
Width, Shear Strength 
Appearance after Assembling 


Appearance after Sealing 
Outline, Dimension 


Marking Strength 


Analysis of Failures, Failure 
Mode, Mechanism 


Fig. 3 Example of Inner Process Quality Control 
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Diffusion Status 


Control of Basic Parameters 
(Vtn, etc) Cleaness of surface, 
Prior Check of Vin 

Breakdown Voltage Check 


Assurance of Standard 
Thickness 


Prevention of Crack, 
Quality Assurance of Scribe 


Quality Check of Chip 

Bonding 

Quality Check of Wire 

Bond ing 

Prevention of Open and 
Short 


Guarantee of Appearance 
and Dimension 


Feedback of Analysis Infor- 
mation 





Quality Assurance of IC Memory 


3.3.3 Final Tests and Reliability Assurance 


(1) 


28 


Final Tests 

Lot inspection is done by quality assurance 
department for the product passed in 100% test 
in final manufacturing process. Though 100% 
of passed products is expected, sampling inspec- 
tion is subjected to prevent mixture of failed 
products by mistake. 


Claim 


(2) 


The inspection is executed not only to confirm 
that the products meet users’ requirement, but 
to consider potential factors. Our lot inspec- 
tion is based on MIL-STD-105D. 

Reliability Assurance Tests 

To assure reliability, the reliability tests are per- 
formed periodically, and performed on each 
manufacturing lot if user requires. 


(Failures, Information) 


Sales Dept. 


Sales Engineering Dept. 


Quality Assurance Dept. 
Design Dept. 


i Assurance Dept. 


Sales Engineering Dept. 


Reply 


Manufacturing Dept. 


Customer 






Failure Analysis 


Countermeasure 
Execution of 
Countermeasure 


Follow-up and Confirmation 
of Countermeasure Execution 


Fig. 4 Process Flow Chart of Coping with Failure to a Cutomer 
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@ OUTLINE OF TESTING METHOD 
1, INSPECTION METHOD 


Compared to conventional core memories, IC 
memories contain all peripheral circuits, such as the 
decoder circuit, write circuit and read circuit. Asa 
result, assembly and electrical inspection of !Cs are 
all performed by IC manufacturers. Consequently, 
as the electrical inspection of IC memories are 
becoming more systematic, conventional IC inspec- 
tion facilities are becoming useless. This has led to 
the development and introduction of a memory 
tester with pattern generator to generate the inspec- 
tion pattern of the memory IC at high speed. A 
function test for such as TTL gates can be per- 
formed even by a simple DC parameter facility. 
However, when the address input becomes multi- 
plexed as in 16K, 64K and 256K memory, even the 
generation of the function test pattern becomes a 
serious problem. 

In the memory IC inspection, its quality cannot be 
judged by DC test on external pins only, because the 
number of the element such as transistor which can 
be judged in the DC test is only 1/1000 of all ele- 
ments. The followings are the address patterns pro- 
posed to inspect whether the internal circuits are 
functioning correctly. 

(1) All “Low”, All “High” 

(2) Checker Flag 

(3) Stripe Pattern 

(4) Marching Pattern 

(5) Galloping 

(6) Waling 

(7) Ping-Pong 

Those are not all, but only representative ones. 
There are the pattern to check the mutual inter- 
ference of bits and the pattern for the maximum 
power dissipation. Among the above mentioned 
patterns, those of (1) to (4) are called N pattern, 
which can check one sequence of N bit 1C memory 
with the several times of N patterns at most. Those 
of (5) to (7) are called N? pattern, which need 
several times of N* patterns to check one sequence 
of N bit IC memory. Serious problem arises in using 
N? pattern in a large-capacity memory. For ex- 
ample, inspection of 16K memory with galloping 
_ pattern takes a lot of time — about 30 minutes. (1), 
(2) and (3) are rather simple and good methods, 
however, they are not perfect to find any failure in 
decoder circuits. Marching is the most simple and 
necessary pattern to check the function of IC 
memories. 


2. MARCHING PATTERN 


The marching pattern, as its name indicates, is a pat- 

tern in which ‘1's march into all bits of ‘0’’s. For 

example, a simple addressing of 16 bit memory is 

described below. 

(1) Clear all bits ............0. See Fig. 1 (a) 

(2) Read “O” from Oth address and check that the 
read data is ‘0’. Hereafter, ‘“Read’’ means 
“checking and judging data” 

(3) Write “1’’ on Oth address... . 

(4) Read “0” from 1st address. 

(5) Write ‘1’ on 1st address. 

(6) Read ‘‘0’’ from nth address. 

(7) Write “1” on nth address ...... See Fig. 1(c) 

(8) Repeat (6) to (7) to the last address. Finally, 
all data will be “1”. 

(9) After all data become ‘1’, repeat from (2) to 
(8) replacing ‘O”’ and “1”. 

In this method, 5N address patterns are necessary 

for the N-bit memory. 


.. . See Fig. 1(b) 





Fig. 1 


Addressing method of for 16 bit memory in the 
Marching pattern 


3. GENERATION OF MARCHING 
PATTERN 


The simple method of generating the marching 
pattern and displaying failure bits of the memory on 
the braun tube will be introduced. Fig. 2 shows the 
block diagram. The address pattern is generated 
using four synchronous 4 bit counters. Fig. 4 shows 
the entire pulse relations. This example is for 16K 
bit memory and shows that A14, which has a half 
frequency of A13, is the same as the data inputs. 
A15 signal, together with the carrier signal of 
HD74161, is used to determine the termination of 
the sequence. 

As shown in Fig. 2, in the read and write cycles 
after clearing all bits, addressing is twice the period 
of clearing. This switching is performed at the 
binary gate, following the reference pulse generating 
circuit. Output of HD74161 is input to D/A con- 
verter and input to the oscilloscope as an analogue 
signal of X-Y matrix. The output of the comparator 
circuit is input to the Z axis and performed lumi- 
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Outline of Testing Method 
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From Comparator Circuit 


Fig. 3 Fail Bit Map Dilplay Circuit 
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Fig. 4 Entire Pulse Relation 


nous intensity modulation. In this way, the fail bit 
map is displayed on the CRT. Compared with 

- others like TTL, the operation of IC memories is 
too complicated to understand only by pulse wave- 
form observed with an ordinary oscilloscope. 


ADDRo 
ADDR, 
CP HD74161 ADDR: 
Carry Out ADDR) 
T 
CP HD74161 Spee: 
ADDRe 
T 
ie 
CP HD74161 _ 
Carry Out 2 
T 
CP HD74161 Au to Din of memory 
to Comparator Crreuit of Memory 


> Z Axis of Oscilloscope 


Y Axis of Oscilloscope 


> X Axis of Oscilloscope 





Therefore, the fail bit map as shown in Fig. 5 is very 
useful for observing the operation of IC memories. 











Fig.5 Example of 1 bit Solid Failure 
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nnn OU tING OF Testing Method 


4. FAILURE MODE 


Generally, 70% — 90% of failures at users are called 
solid failures. This failure mode has no relation 
with access time, voltage margin or timing. In this 
mode, a certain specified bit is stuck in “O” or “1”, 
The simple methods previously mentioned is useful 
to detect such failures. Therefore, high-precision 
measurements such as those performed in memory 
IC manufactures are not necessary except any spe- 
cial cases. 

Hitachi performs 100% inspection on the worst 
conditions for devices so as to guarantee sufficient 
operations under all power voltage conditions and 
timing conditions specified. 

An extremely accurate memory tester is necessary 
to perform high-precision inspection considering 1ns 
accuracy. Hitachi has been developing testers to 
supply excellent memory ICs in characteristics and 
quality to users, and establishing the system capable 
of developing further high-efficiency memory ICs. 
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1. Static RAM 


1.1. Static RAM Memory Cell 

The static RAM memory cell consists of flip-flops 
organized as 4 NMOS transistors and 2 load resistors 
as shown in figure 1-1. The data in the cell can be 
retained as long as power is supplied, and read out 
without being destroyed. 


Word Line 





Figure 1-1. Static RAM Memory Cell 


1.2. Data Retention Mode and Battery Back-up 
System 
The data in RAM is destroyed at power off. How- 
ever, CMOS static RAM has a data retention mode. 
In this mode, power consumption at standby is ex- 
tremely low and supply voltage can be reduced to 
2V. So, it enables a battery back-up system to 
retain data during power failure. 
Data Retention Mode: The important point in 
designing a battery back-up system is the timing 
relation between the memory power supply during 
the change (ordinal source > battery) and the chip 
select signal. If the timing for the change is missed, 
the data in memory might be destroyed. 
Figure 1-2. shows the timing for switching the 
power supply. The following explains the technical 
terms related to the data retention mode. 


Data retention mode 





oe 4.5V 4.5V 
cS \ Vor 22.0V /, 
(CE) ee 
CS(CE) 2 Vpg —0.2V" 
OV a ee ae ea ee ers = 
Figure 1-2. Timing for Battery Back-up Application 


Data retention mode: The period that the power 
supply voltage is lower than the specified operation 
voltage. During this period, memory must be kept in 
non-select condition (e.g. CS = Vopr ~ 0.2V). 


tcp R (time for chip select to data retention): The 

minimum time needed to change from operating 

mode to data retention mode. Normally 0 ns. 

tr (Operation recovery time): The minimum time 

needed to change from data retention mode to 

operating mode. Normally, it is the same as the 

cycle time of the memory. 

Vpr (data retention voltage): The voltage applied in 

data retention mode. Normally, the minimum 

supply voltage needed to retain memory data is 2 V. 

lccor (data retention current): The current con- 

sumption in data retention mode. It depends on 

memory power supply voltage and ambient tem- 

perature. It is specified at supply voltage (VpR) = 

3.0 V. 

Battery Back-up System: battery back-up sequence 

is described in the following: 

1. External circuit detects failure of system power 
“supply. 

2. External circuit changes RAM to standby mode. 

3. External circuit separates RAM from system 
power supply. 

4. External circuit switches to Back-up power 
supply. 






Memory Vcc 





System Vec 
@ 





Regulating 
circuit 


Memory 
control pin 


Figure 1-3. Example of Battery Back-up System 


The control circuit detects the power failure and 
cuts off the power after switching memories to 
standby mode. On recovery, it confirms power 
supply and after some delay, returns memories to 
operating mode. The memory control signals 
depend on the types of memories used in the 
system. 

Using memory with only one CS. NAND signal 
between the control signal and chip select signal 
should be connected to CS. As the level of CS in 
data retention mode must be higher than VpR — 
0.2V, the power supply for this NAND gate must 
either be shared with the memory power supply, 
or be pulled up to the memory power supply. 
Using memory with two CS. Basically, the 
signals are the same as mentioned above. In 
general use, two pins should be used for the 
control signal and the chip select signal respec- 
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tively. CS, which can intercept current path of up to the memory power supply level is not 
other pins in the input buffers, is for control needed and circuit organization is simplified. 
signal input of data retention mode. Figure 1-4 shows an example of a battery back-up 
Using memory with CS and CS. As CS selects system circuit. Hitachi recommends using CMOS 
the chips at high level, it is better to use CS than logic for gate Gy in control circuit and memory 
CS as control signal input for data retention Vec. The low Vce transistor Q, is required to 
mode. As soon as power down is detected, switch regulating circuit from system power supply 
signals should be brought to low level. So a pull- to back-up power supply. 


Regulating circuit 


Q: 







System Vcc 
Detective 
circuit 


generating 
circuit 






+5V 0 





Back-up _ 
circuits 








| Control circuit 


Figure 1-4. Example of Battery Back-up System Circuit 
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2. Pseudo-Static RAM 

2.1 Pseudo-Static RAM Features 

A new type of memory, pseudo-static RAM has 
been developed providing the advantages of 
dynamic RAM (low cost, high density), and static 
RAM (easy usage). IC memory consists of memory 
cells for data storage, and input/output circuits for 
interfacing to the external circuits. PSRAM pro- 
vides the memory cell and peripheral circuits of 
DRAM and the external control circuits, which 
includes a part of the refresh control circuits not 
provided by dynamic RAM, and interface circuits 
similar to that of static RAM, on a chip, as shown in 
table 2-1. Address input is not multiplexed and 
data input/output is byte-wide like standard static 
RAM. With PSRAM x 8 organization, medium 
density memory system can be designed easily. 
PSRAM provides address refresh, automatic refresh 
and self refresh. 

Figure 2-1 shows examples of system design using 
PSRAM and DRAM. Using PSRAM, the circuits 


Table 2-1. PSRAM Features 


~~] SRAM | PSRAM | DRAM 


Memory Cell 4Tr+2R 1Tr+1C 
Organization x1, x4, x8 xl, x4 
; Multiplexed 
Address Single Address Radvece 


Nor 
Refresh. Necessary 


External Circuits Simple<<—————_ Complexed 





interfacing CPU to DRAM can be drastically 
reduced. 

Figure 2-2 shows block diagram of pseudo static 
RAM. 


2.2. 1 Mbit Pseudo-Static RAM Function 

Read/Write Cycle: Figure 2-3 and figure 2-4 show 
the timing chart for the read/write cycle of 1 Mbit 
pseudo-static RAM HM658128. The HM658128 








ee 
le Address 
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P s Selector 
Ref. Address 
U Generator 


[eset Timer & 
Control 








Figure 2-1. System Organization 
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Row Decoder 


Mux. 
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Column I/O <> Data 
Column Decoder 






Column Address 


Figure 2-2. Block Diagram (PSRAM) 


can perform 2 types of access in a read cycle, CE 
access (Figure 2-3 (a)) and OE access figure 2-3 (b)). 
It writes the data at the rising edge of WE (figure 
2-4 (a)) or at the rising edge of CE (figure 2-4 (b)). 
The CS pin should be brought high when the ad- 
dress is latched at the falling edge of CE in the read/ 
write cycle. The HM658128 has no OE specifica- 
tion at the falling edge of CE as it provides both OE 
pin and RFSH pin. 





(a) CE, access (b) OF access 
Figure 2-3. Read Cycle 
@ HITACHI 
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CS Standby Mode: The HM658128 enters CS 
standby mode for one cycle if CS turns to low 
at the falling edge of CE (figure 2-5). 








CE 
Standby 
Address ae 
CE 
OE 
cs 
WE 
CS Figure 2-5. CS Standby Mode 
Data 
(a) Write at the rising edge of WE (b) Write at the rising edge of CE 
Figure 2-4. Write Cycle 
Address Refresh: Address refresh mode performs distributed mode). In this mode, CS should be high 


refresh by access to row address (AO — A8) 0 — 511 at falling edge of CE. 
sequentially within 8 ms, as shown in figure 2-6 (in 


8ms 





15us 










Don’t 
care 


Don’t Don't 
ee ee he he a) 
Don’t « Don’t 
care care 


soma XOX) 
ae (ae 


cs 
Refresh R/W 
Figure 2-6. Address Refresh 
Automatic Refresh: The HM6581 28 goes to auto- address pins AO — A8, as it is generated internally. 
matic refresh mode if RFSH falls while CE is high Figure 2-7 shows the timing chart for distributed 


and it is kept low for more than 180 ns. refresh. In automatic refresh mode, the timing for 
It is not required to input the refresh address from only CE and RFSH are specified. 





15us 


RFSH 


180ns =Refresh< 8us 
Figure 2-7. Automatic Refresh 
Self Refresh: Self refresh mode performs refresh at enabled by keeping CE high and RFSH low for 


the internally determined interval. The HM658128 more than 8 ps (figure 2-8). 
enters the mode when the internal refresh timer is 
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ae f. 


RFSH 


Refresh 
2 8us = 180ns 


Figure 2-8. Self Refresh 


Considerations on Using HM658128: The following 

should be considered when using the HM658128. 

@ Data retention. The HM658128 can retain the 

data with a battery (but not for long time). The 
HM658128L, low power version, offers typical 
self-refresh or standby current of 100A. 
A 1-Mbyte system (using eight HM658128Ls) 
can retain the data for about 1.5 months with 
battery of 100 mAh current. Vcc = 5 V + 10% 
must be maintained for data retention. 

@ Power on. Start HM658128 operation by 
executing more than eight initial cycles (dummy 
cycles) more than 100 us after power voltage 
reaches 4.5 V — 5.5 V after power on. 

@ Bypass capacitor. Hitachi recommends inserting 
1 bypass capacitor per RAM. 


2.3 Pseudo-Static RAM Data Retention 

PSRAM with self refresh retains data CE and OE 
are fixed for more than defined period. The follow- 
ing explains considerations for PSRAM data reten- 
tion. 

First, PSRAM cannot retain the data at low supply 
voltage. 

They employ 1 MOS type memory cell as shown in 
figure 2-9. The charge is stored on the capacitor C 
as memory data. The data 1, written at low supply 







Word Line 


C 


* 


Memory Cell of PSRAM 


Data Line 


Figure 2-9. 


voltage, cannot be read as 1 at high supply voltage. 


Figure 2-10 indicates the operation voltage for self 
refresh and subsequent read of PSRAM. If the data 
is read out at more than 5 V of Vcc, for example, 
after self refresh is performed at Vcc = 3.7 V, it is 


destroyed. 


PSRAM must be used at supply voltage from 4.5V 


to 5.5V. 


Second self refresh current increases at low supply 
voltage. | 


Read Voltage 





Self Refresh Voltage 


Figure 2-10. PSRAM Operating Voltage 


PSRAM provides the voltage level detector circuit 
to reduce self refresh current. However, it should 
be noted that the circuit increases the current with 
low supply voltage in self refresh (figure 2-11). Self 
refresh current also increases at low temperature 
(figure 2-12). 


Current 


Spec 
4.5V 5.5V 


Power Supply Voltage 


Figure 2-11. Self Refresh Current vs. Voltage 
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Oe eee, ns 


Temperature 
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Ww 
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Q 


Figure 2-12. Self-Refresh Current vs Temperature 


Please use PSRAM within the recommended opera- 
tion range (Vcc more than 4.5 V, temperature more 
than O°C) for data retention, especially using a 
battery. 
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3. Video RAM 

3.1. Multi-Port Video RAM 

Figure 3-1 shows general idea of video RAM. Multi- display memory is realized by using the random 
port video RAM provides an internal data register port of RAM for graphic processor drawing and the 


(SAM) with the memory (RAM). Both of them serial port of the SAM part for CRT display. 
can be accessed asynchronously. Effective graphic 


RAM SAM 














DRAM 
memory cell 


—— Serial port 


Random port 


Data register 


Drawing 


Address Multi- port 


Video RAM 
Graphic 
Processor 


Figure 3-1. General Idea of Multi-port Video RAM 





Figure 3-2 shows the block diagram of the 256- 3-1 shows the operation modes of the HM53461. 
kbit multi-port video RAM HM53461, and table 


DT/OE 











Dynamic 
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memory 
cells 







Data register 






Temporary 
write mask 
register 





SE A FS Si 


SC SOE 
Figure 3-2. Block Diagram of HM53461 


The operation modes shown in table 3-1 are described as follows. 


Table 3-1. Operation Modes of HM53461 






At the falling edge of RAS SAM modes 


RAM modes 












H | H | H | X_ | Read/write 1, 2,3 
H Temporary write mask data program| —Sin/Sout —_ 1, 2,3 
H | _L| |X | Readtansfer =| Som S| 
H Write transfer | Sin 
Hoo} Lk | Lk | | Pseudo transfer 
L CBR refresh 1,2 
H: High | 
L: Low 
X: Don’t Care 


Notes: 1. Transfer cycle executed previously defines SI/O direction. 
2. SI/O is in high impedance state with SOE high, even if the direction is Sout, 
3. The HM53461 starts write operation if WE is low at the falling edge of CAS or become low between the falling 
edge of CAS and the rising edge of RAS. 
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Read/Write Operation: Read/write is performed 
on the random port in the same sequence as for a 
dynamic RAM (figure 3-3). The HM53461 starts 
the read operation with WE high and the write 
operation at the falling edge of WE. 







g 
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Selector 


Column decoder 
Column I/O 





Temporary 
Lv write mask 


register 


I/01—1/04 


Figure 3-3. Read/Write Operation 


Temporary Write Mask Set and Temporary Masked 
Write Operation: The HM53461 provides tem- 
porary masked write operation which inhibits to 
write data bit-by-bit (write mask) during one RAS 
cycle. Temporary write mask set function defines 
the bits to be inhibited (figure 3-4). This operation 
puts the data on 1/01 — 1/04 into the internal tem- 
porary write mask register. When O is programmed 
to the register, writing to the corresponding bit is 
inhibited. 

The temporary write mask register is reset at the 
rising edge of RAS. 
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Figure 3-4. Temporary Masked Write Operation 


Read Transfer Operation: In this cycle, the 
HM53461 transfers the data of one row in RAM 
(1024 bits), which address is specified at the falling 
edge of RAS, to SAM (figure 3-5). The start address 
in SAM can be programmed at the falling edge of 
CAS in this cycle. After data transfer, the serial 
port turns to serial read mode at the rising edge of 
DT/OE. 







SAM start address 






Fr» SI/01~S1/04 


Column decoder 
Column I/O 
Selector 


Data register 


Figure 3-5. 


Read Transfer Operation 


Write Transfer Operation: In this cycle, the 
HM53461 transfers the data in the SAM data re- 
gister (1024 bits) to one row in RAM, which address 
is specified at the falling edge of RAS (figure 3-6). 
The start address in SAM can be programmed in this 
cycle. After data transfer, serial port turns to serial 
write mode. 
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Figure 3-6. Write Transfer Operation 


Pseudo Transfer Operation: This operation switches 
the serial port to serial write mode (figure 3-7). It 
does not perform data transfer between RAM and 
SAM. SAM start address can be programmed in this 
cycle. 
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Figure 3-7. Pseudo Transfer Operation 


CAS Before RAS Refresh Operation: The 
HM53461 performs refresh by using the internal 
address counter in this operation (figure 3-8). 
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Figure 3-8. CAS Before RAS Refresh 
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Serial Read/Write Operation: The HM53461 reads/ 
writes the contents of the SAM data register in serial 
at the rising edge of SC (serial clock input) (figure 
3-9). The address for serial access is generated by 
the internal address pointer, independently of 
random port operation. It should be considered 
that serial access is restricted in transfer cycles. The 
SAM, employing static-type data registers, requires 
no refresh. 


Column Row 
latch latch 
Row 





© Sg 
~s 7A he 
E £ | § K—>SsI/01—SI/04 
3 a |? 
S) a 
Figure 3-9. Serial Read/Write Operation 


The HM53462 is a multi-port video RAM, adding 
logic operation capability to the advantages of 
HM53461. 

Figure 3-10 shows the block diagram. Table 3-2 
describes the operation modes. 


DT/OE 


Data 
register S/O 


Figure 3-10. Block Diagram of HM53462 
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Table 3-2. Operation Modes of HM53462 



































At the falling edge of RAS SAM modes 
CAS DT/OE WE SOE een SI/O direction Notes 

#8 H H X ' Read/write “Sin/Sout 1, 2,3 

H Temporary masked write 1,2,3 

H L L Write transfer i 

H L H Pseudo transfer _ Sin 

L x CAS before RAS refresh Sin/Sout 12 

L ee apa sinfSout | 1.2 

H: High L: Low X: Don’t Care 

Note: 1. Transfer cycle previously executed defines SI/O direction. 


2.  SI/O is in high impedance with SOE high, even if SI/O direction is Sout. 
3. HMS5 3462 writes if WE is low at the falling edge of CAS or becomes low between the falling edge of CAS and the 


rising edge of RAS. 


Logic Operation Programming: This function 
programs a logic operation (figure 3-11). The logic 
operation is available until re-programmed or reset. 
In logic operation mode, HM53462 performs read- 
modify-write internally when data is written into 
random port. The result of the logic operation 
between memory data and written data is put into 
the address from which the memory data is trans- 
ferred. | 

In the logic operation programming cycle, the mask 
register, which differs from the temporary mask re- 


gister, is also programmed. It is available until re- | 


programmed. 
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(dotted lines indicate write in logic operation mode) 


Figure 3-11. Logic Operation Programming 


Notes: Notes on using HM53461/HM53462 are as 

follows. 

@ Dummy RAS cycle. Devices should be initialized 
by 8 dummy RAS cycles (minimum) before 
access to random port. Refresh cycle can be in- 
serted for initialization. It is recommended that 
the system be initialized by dummy RAS cycle in 
the automatic reset time of the processor. 

@ Bypass capacitor. One bypass capacitor should 
be inserted between Voc and Vss to each device. 
The Vec pin should be connected to the capaci- 
tor by the shortest path. A capacitor of several 
LF is suitable. 

@ Negative voltage input. Negative polarity input 
level to input pin or 1/O pin should be under -1 
V. In this range, it has no effect on device 
characteristics or RAM/SAM data retention. 

@ Initialization of logic operation mode 
(HM53462). The logic operation programming 
cycle should be executed before access to the 
random port to initialize logic operation mode 
after power on. At this time, the operation 
codes (0101) and all 1 write mask data are re- 
commended. 


3.2. Line Memory 

Hitachi has produced a line memory for line buffers 

with simple circuits, providing specific functions as 

described below. 

The line buffer can improve picture quality by 

storing 1 horizontal line data. It has following 

features. 

@ Capacity to store 1 horizontal line data 

@® High-speed operation matching the sampling 
speed of PAL TV signal (4 fsc/8fsc) or NTSC TV 
signal (4 fsc/8fsc). 


@ HITACHI 
40 Hitachi America Ltd. ¢ 2210 O’Toole Ave. ¢ San Jose, CA 95131 © (408) 435-8300 


@ Data inputs/outputs separated and capability of 
serial data inputs and outputs. 

The conventional line buffer composed of high 
speed static RAMs requires separate input/output 
for double buffer organization. It also requires 
interleaving for high speed operation, matching 
Afsc/8fsc of the subcarrier frequency. In addition, 
external circuits are needed for serial address scan. 
The line memory provides all of these functions. 
Figure 3-12 shows the standard organization of a 
conventional memory buffer and figure 3-13 shows 
the standard organization of line memory. 


Line Buffer 
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Figure 3-12. Standard Organization of Conventional 
Line Buffer 
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Figure 3-13. Standard Organization of Line Memory 
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The Hitachi HM63021 is a 2048-word x 8-bit line 
memory storing 2 horizontal lines of data. 
It has five different modes for various video graphic 
system applications. It realizes high speed opera- 
tions for PAL and NTSC TV signals, and dissipates 
little power employing 1.3 um CMOS technology 
and static-type memory cells. 
The features of the HM63021 are described as 
follows: 
@ Five modes for various video graphic system 
applications 
— Delay line mode 
Alternate 1H/2H delay mode 
— TBC (Time-Base Corrector) mode 
— Double speed conversion mode 
— Time-base compression/expansion mode 
@ High speed cycle time 
— HM63021-34: 34 ns min (corresponds to 8fsc 
of NTSC TV signal) 
— HM63021-28: 28 ns min (corresponds to 8fsc 
of PAL TV signal). 
Line memory in the system using digital signal 
processing technologies offers following applica- 
tions: 
1. comb filter 
2. double-speed conversion (non-interlace) 
3. compression/expansion of graphics (picture- 
in-picture) 
4. dropout canceller 
5. time-base corrector 
6. noise reducer 
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4. Dynamic RAM 

4.1. Dynamic RAM Memory Cell 

The dynamic RAM memory cell consists of 1 MOS 
transistor and 1 capacitor, as shown in figure 4-1. It 
detects the data in the cell (1 or 0) by the charge 
stored in capacitor. Dynamic RAM offers higher 
density than that of static RAM because of fewer 
components per chip. 

However, Dynamic RAM must rewrite data, called 
refresh, in a defined cycle because the charge stored 
in the capacitor leaks. / 


Word Line 





Figure 4-1. Memory Cell of Dynamic RAM 


4.2. Power On Procedure 

After turning on power, to set the internal memory 
circuitry, hold for more than 500 us, then apply 
eight or more dummy cycles before operation. The 
dummy cycle may be either a normal read/write 
cycle or a refresh cycle. When using an internal re- 
fresh counter, eight or more CAS before RAS 
refresh cycles are required as dummy cycles. 


AO — A9j Address Inputs 
CAS | Column Address Strobe 
Din Data In 
Dout | Data Out 
‘RAS | Row Address Strobe 
WE | Read/Write Input 
Vcc | Power (+5V) 
Vss | Ground 
AO — A8| Refresh Address Inputs 


(a) Pin Arrangement 


4.3 Address Multiplexing | 
Dynamic RAMs are used to increase capacity be- 
cause of their smaller cell area. In using dynamic 
RAMs in systems, however, it is desirable to increase 
the memory density by using smaller packages. To 
reduce the number of pins and the package size, 
address multiplexing is used. 

Using a 1-Mbit dynamic RAM, 20-address signals are 
necessary to select one of 1048,576 memory cells. 
Address multiplexing allows address signals to be 
applied to each address pin. Thus only 10-address 
input pins are required to select one of 1048,576 
addresses. Multiplexed address inputs are latched 
as follows: RAS (Row Address Strobe) selects one 
of word lines according to the row address signal, 
and one of column decoders is selected by CAS 
(column address strobe) following column address 
signal. Although two extra signals, RAS and CAS, 
are required, the number of address pins is reduced 
to half. Figure 4-2 shows the pin arrangement, 
address latch waveform, and the block diagram of 
address-multiplexed 1-Mbit dynamic RAM. Systems 
need an address multiplexer in order to latch the 
multiplexed address signals into the device. 
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(c) Block diagram of Address Multiplexing 
Figure 4-2. Address Multiplexing of Dynamic RAMs 
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4.4. Dynamic RAM Function 
Figure 4-3 shows the normal function of Dynamic 
RAM. 








Application 


trc: Random Read or Write Cycle Time 


trcp: RAS to CAS Delay Time 
trac: Access Time from RAS 
lo4c: Access Time from CAS 

: Row Address 
CG Column Address 
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(b) Write Cycle (Early Write) 
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(c) Read Modify Write Cycle 


trwc: Read-Write Cycle Time 


Figure 4-3 Normal Function of Dynamic RAM 


Read Cycle: In the read cycle, a row address is 
latched at the falling edge of RAS, and a column 
address is latched at the falling edge of CAS after 
the RAS falling edge. If WE is high, the data is read 
out from Dout depended on the later of tcac 
(Access time from CAS) or trac (Access time from 
RAS). 

The tacp maximum (RAS to CAS delay time) is 
specified only to guarantee the specified minimum 
values of other timings such as the cycle time, 
RAS/CAS pulse width. Therefore, when using these 
timings with more than the specified minimum 








value, there is no need to limit the tacp to the 
specified maximum value. The tgacp maximum 
depends on the other timings being at minimum in 
its application. 

Write Cycle: Dynamic RAM provides two write 
cycle modes: early write cycle and delayed write 
cycle. In the early write cycle, when WE is low, 
data is written into Din at the falling edge of CAS. 
In delayed write cycle, when WE is high, data is 
written into Din at the falling edge of WE after CAS 
falling. 

Read-Modify-Write Cycle: The read-modify-write 
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cycle is initiated by taking WE high. Data is read 
out from Dout at the falling edge of CAS with WE 
high. Then, when WE goes low, data is written into 
the same address from Din in the same cycle. 

The cycle time in the read-modify-write mode 
(tawc) is longer than the cycle time in read/write 
mode (tc). 


4.5 High Speed Access Mode 

Dynamic RAM access time is typically longer than 
that of static RAMs. To realize higher speed opera- 
tion, they have high speed access modes. 

The read operation in dynamic RAM is performed 
as follows: 


When a word line is selected by row address, all data 
in the memory cells connected to the selected word 
line is transferred to sense amplifiers. One of these 
sense amplifiers is selected by the column address, 
and its contents are output. 

The output of data from other sense amplifiers is 
controlled only by the column address. 

Access controlled only by column address with the 
row address fixed is called high speed access mode. 
Table 4-1 compares each mode. 

Page Mode: This is the most typical access mode in 
dynamic RAM. The column address is switched 
synchronized with CAS falling. 

Nibble Mode: In a nibble mode dynamic RAM, 


Table 4-1. Comparison of Dynamic RAM High Speed Access Modes 





R : Row Address 
C : Column Address 
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data from 4 sequential addresses is stored in the 
4-bit output latch circuits. Output is provided by 
the CAS signal, which controls the latch circuits. 
When 4 addresses are accessed sequentially, the row 
addresses on and after second bit need not be 
selected. Therefore, it facilitates the timing design. 
In nibble mode, the operation is limited to 4 ad- 
dresses, however, it enables faster access (tyyac) 
than that in page mode. 

Static Column Mode: In static column mode, the 
row address is switched without the synchronized 
signal by high-speed static RAM technology in the 
peripheral circuits. 

High Speed Page Mode: This mode is the advanced 
mode of static column mode, with CAS providing 
the address latch function. 


Application 


4.6 Refresh 

Refresh operation is performed by accessing every 
word line within the specified time (refresh cycle). 
Table 4-2 compares the following refresh modes in 
dynamic RAM. 

RAS Only Refresh: In RAS only refresh mode, 
refresh can be completed by selecting only row 
addresses synchronized with RAS. 

CAS Before RAS Refresh: This mode refreshes by 
the CAS falling edge before RAS in the period de- 
fined by the internal refresh address generator. This 
mode simplifies the external address multiplexer. 
Hidden Refresh: In hidden refresh, CAS before 
RAS refresh is performed while output data is valid. 


Table 4-2. Comparison of Dynamic RAM Refresh Modes 
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—<=——— Read Cycle ———» ~~ Refresh Cycle ——» 


CAS before 
RAS 
Refresh 





Hidden 
Refresh 





© HITACHI 


Hitachi America Ltd. ¢ 2210 O’Toole Ave. «© San Jose, CA 95131 © (408) 435-8300 45 





Application 


5. EPROM 

5.1. EPROM Memory Cell 

EEPROM is electrically erasable and programmable 
ROM, which can be erased or written remotely 
while the system is in operation. 

The Hitachi EEPROM memory cell is MNOS (Metal 
Nitride Oxide Semiconductor) type, as shown in 
figure 5-1. 

An MNOS memory cell consists of two layers of 
oxide film and nitride film. The thickness of oxide 
film is about 20 A and that of nitride film is 300 to 
500 A. There are traps in the boundary of the 
oxide and nitride films to catch electrons. Electrons 
move by the tunneling phenomenon between the 
substrate and traps. 


Poly- 
silicon 









SiO. 


N Substrate 


Figure 5-1. 


MNOS Type Memory Transistor 


5.2. 64-kbit CMOS EEPROM Function 

Page Write Function: The 64-kbit HN58C65 can 

latch 32 bytes (max) and write them in one write 

cycle. Write cycle time is specified as 10 ms (typ.). 

The effective byte write speed of HN58C65 in page 

write mode is: 

10 ms/32 bytes = 0.31 ms/byte 

Thus it takes only 2.56 seconds to write the whole 

HN58C65. Figure 5.2 shows internal operation. 

The following describes operation sequence: 

1. 32-byte memory cell data at the row address 
selected by address pins A5 — A712 is latched. 

2. Latched data at the column address specified by 
address pins AO — Aé is altered with write data, 
which is put into Din buffer from !/O pins 1/00 
— 1/07. 

The 32 bytes (max) of latched data are altered 
by repeating this operation 32 times. 

3. 32-bytes memory cell data in the selected row 
(1) are erased (All 1). 

4. Latched data is written into the selected row (3). 

5. CPU acknowledges the completion of write cycle 
by the internal timer. The HN58C65 provides 


RDY/BUSY and Data polling to indicate the 
write completion. 







MNOS memory cell 
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Row decoder 


A0~A4 
Figure 5-2. HN58C65 Page Write 
Internal Timer: The HN58C65 indicates the 


completion of data write to the CPU by using the 
internal timer. The HN58C65 enters next cycle as 
soon as detecting the completion of write. This 
function offers high system throughput as the CPU 
can access other devices during write cycle. The 
HN58C65 has two functions, RDY/BUSY and Data 
polling, to indicate the completion of data write. 

The RDY/BUSY approach indicates the completion 
of data write by using pin 1. It is low when the 
HN58C65 is in data write operation (BUSY) and 
turns to high impedance state at the end of data 
write (RDY). RDY/BUSY pin should be pulled up 
as it uses open drain output. The RDY/BUSY pins 
can be writed-OR when using several HN58C65s. 

The Data polling approach, implemented by soft- 
ware, indicates the completion of data write 
through pin 19 (1/07). While the data write is not 
completed, !/O7 shows the inverted data of what 
was written in the last cycle. In using this approach, 
RDY/BUSY pin should be opened or grounded. 
The Data. polling approach can acknowledge the 
completion of data write in an individual HN58C65, 
even if several HN58C65s are used in the system. 

Data Protection: EEPROM performs data write 
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with a higher voltage (Vpp) than power supply 

voltage (Vcc). The HN58C65 internally generates 

Vpp by a high voltage generator with the combina- 

tion of control pins (CE, OE, WE). It supports the 

following functions to avoid accidental data write 

(data protection). 

1. Data protection against the noise on the control 
pins (CE, OE, WE) during operation. 

2. Data protection against the noise at power-on/ 
power-off. 
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6. EPROM/OTPROM 

6.1. EPROM Programming 

Figure 6-1 shows the sectional structure of an 
EPROM memory cell. The upper gate, one of the 
gates made of two-layered polycrystalline silicon, is 
called the control gate and is connected to a word 
line. The lower layer is called the floating gate and 
is not connected. This memory cell is programmed 
as follows: With substrate and source grounded, 
apply high voltage between drain and control gate. 
Then, an electric potential incline occurs between 
source and drain so that intensity of the electric 
field becomes high near the drain. Because of this 
electric field, electrons are accelerated and so-called 
hot electrons are generated, which jump over the 
energy barrier of SiO, film. Hot electrons are 
pulled by the electric potential of the control gate 
and pour into the floating gate. Electrons stored in 
the floating gate remain stable, as they fall into a 
well surrounded by an energy barrier of SiO, film. 
Therefore, it is evident that the quality of SiO, film 
surrounding the floating gate is essential for good 
data retention characteristics. To keep data reten- 
tion in the 5- or 10-year range, high quality SiO, 
film is needed. 

Figure 6-2. shows the fundamental characteristics of 
the EPROM transistor. While Ip in a non-pro- 
grammed transistor begins to flow with Vg of about 
1V, the current in a programmed transistor does not 
flow until Vg rises to 7 V — 10 V. Therefore, if the 
voltage of word line applied to the control gate is 
about 5 V in readout, the non-programmed memory 
transistor will be on, and the programmed one will 
be off. This means that the data can be read out by 
means of the same structure as NOR-type mask 
ROM. 


6.2. Erasing EPROM 

When shipped, all bits of the EPROM are at logic 1 
with all electrons in the floating gate released 
(erase). Changing the logic 1 to logic 0 through the 
application of the specified waveform and voltage, 
programs the necessary information. The higher the 
Vpp voltage and the longer the program pulse width 
tow, the more electrons can be programmed in, as 
shown in Figure 6-3. If Vpp exceeds the rated 
value, such as by overshoot, the p-n junction of the 
memory may yield to permanent breakdown. To 
avoid this, check Vpp overshoot of the PROM 
programmer. Also, check negative-voltage-induced 
noise at other terminals, which can create a parasitic 
transistor effect and reduce the yield voltage. 


Hitachi’s EPROMs can usually be written and erased 
more than 100 times. 
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Figure 6-1. Cross Section of EPROM Memory Cell 
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Figure 6-2. 
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Figure 6-3. Standard Programming Characteristics 
of EPROMs . 


EPROMs are erased by ultraviolet light exposure 
through a transparent window on the package. 
Electrons in the floating gate get energy from 
photons and become hot electrons again with 
enough energy to go over the energy barrier of SiO, 
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film. The hot electrons go through to the control 
gate or the substrate and erasure is completed. 
Therefore, light with enough energy to get the 
electrons over the energy barrier of SiO, film is 
needed for erasure. Light energy is proportional to 
its frequency, and described as E = hv. E means the 
energy of light, h is Planck’s constant, v is light 
frequency. Erasure isn’t caused by light over certain 
wavelengths, and under certain wavelengths, erasure 
does occur. However, erasure time depends upon 
the quantity of photons, therefore erasure time 
cannot be shortened by shorter wavelength. Figure 
6-4 shows the relation between wavelength and 
erasure effectiveness. Erasure starts at about 4000 
A, and is saturated at about 3000A. 


Erasure efflclency 


3000A 4000A Wavelength 


Figure 6-4. Erasure Efficiency of EPROM 


For erasure, the wavelength and minimum irradia- 
tion rate of ultraviolet light must be 2,537A and 15 
W-s/cm? respectively. These conditions can be met 
by placing the device 2 — 3cm below a 12,000 
W/cm? UV lamp for about 20 minutes. 

The UV transmittance of the transparent lid 
materials is about 70%. However, it is influenced by 
contamination or foreign materials on the lid 
surface. Contamination or foreign materials should 
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Figure 6-5. Standard Erasure Characteristics 
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be removed with a solvent such as alcohol that does 
not damage the package. 

Figure 6-5 shows EPROM standard erasure charac- 
teristics. 


6.3. EPROM Data Retention Characteristic 

About 2 to 20x 10'* coulomb of electrons are 
accumulated in the floating gate when programmed. 
However, these electrons dissipate with time. Then 
the data may be inverted. The mechanism of 
electron dissipation is generally explained as fol- 
lows. 

Data Dissipation by Heat: The electrons at the 
floating gate are in a non-equilibrium state, so the 
dissipation of electrons by thermal energy is un- 
avoidable. Therefore, the data retention time 
depends on temperature. Figure 6-6 shows typical 
data retention characteristics. The data retention 
time is proportional to the reciprocal of absolute 
temperature. 
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s 
104 
10° 
300 200150 100 
Stored temperature (°C) 
Figure 6-6. EPROM’s Data Rentention Characteristic 


Data Dissipation by Ultraviolet Light: Ultraviolet 
rays at a wavelength of not greater than 3,000 — 
4000A is capable of releasing the electric charge at 
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floating gate of the EPROM with varying efficien- 
cies. Fluorescent light and sunlight contain some 
ultraviolet light, and so prolonged exposure to these 
lights can cause data corruption as a result of 
electric charge dissipation. Figure 6-7 shows the 
standard, data retention time under an ultraviolet 
eraser, sunlight and fluorescent lighting. 


6.4 High-Performance EPROM Programming 

As EPROM density increases, the time for pro- 
gramming becomes more important. High-perform- 
ance programming method has been developed and 
put to practical use. 

Generally, EPROM programming has. been per- 
formed by a pulse of 50+ 5ms. Yet, to program 
within an optimum time, it is best to monitor the 
programming condition from time to time rather 
than accomplish the entire programming with a uni- 
form pulse of 50 ms. Figure 6-8 shows how such 
high-performance programming is implemented. 







Set program/Verify mode 
Address =0 








Progam tey=Ine9% | tpw=1ms +5% 





Figure 6-8. High-Performance Programming Flow Chart 





This method has two key points. The first attempt 
at programming consists of a short pulse (approxi- 
mately 1ms), repeating programming and reading 
(verifying) until data is programmed correctly (i.e. 
until data transcription is verified). This programs 
the EPROM efficiently according to memory 
capacity. Second, after verification, data is pro- 
grammed using three times as long a pulse before 
proceeding to the next address. This provides a 
safety margin in the amount of electric charge 
programmed (or poured into the floating gate). 
Figure 6-9 shows the comparison of programming 
times between using this high-performance pro- 
gramming method and using the conventional 
method. 

The reliability of this high-performance program- 
ming method should be mentioned. The program- 
ming is performed with optimum program time 
depending on the capability of each memory cell. 
Therefore, it is the same as or a little superior to the 
conventional method. The data retention charac- 
teristic is unaffected by the programming method, 
though it depends upon the quantity of electric 
charge stored in the floating gate. Their data reten- 
tion time does not heavily depend upon the amount 
of electric charge in the floating gate. Adequate 
data retention is achieved so long as a minimum 
necessary amount of electric charge is provided. 


Conventional 
programming 
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Figure 6-9. Shortened Program Time by High-Performance 


Programming Algorithm 


6.5 Device Indentifier Code 

EPROM programming conditions depend on 
EPROM manufacturers and device types, confusion 
may cause miss operation. As a countermeasure 
some EPROMs provide device identifier code in- 
cluding such information as manufacture and device 
type. Some newly developed commercial EPROM 
programmers can set write conditions automatically 
by recognizing this code. 
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Different programming conditions are as follows: 
(1) program voltage, (2) program timing, (3) high- 
performance programming algorithm, (4) pin con- 
figuration. The Hitachi EPROM has a device 
identifier code area besides the memory access area, 
as shown in figure 6-10. 


Device identifier code area 
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Figure 6-10. Device Identifier Code 


Table 6-1 describes how to use the device identifier 
code. Setting AQ at 12 V and Al — A8, A10 — A13 
at Vy, access the device identifier code area and OO 
— Q7 output the programming condition code with 
Vie or Vip of AO. 


——a 6-1. Hitach EPROM Device Identifier Code 
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A9: 12V 
Al -A8, A10 -A13: Vy7z, 
Ai4, A15: Don’t care 





ROM 
code 









6.6 Shielding Label 

When using an EPROM in an environment where it 

can be exposed to ultraviolet light, Hitachi recom- 

‘mends putting a shielding label on its transparent lid 

to absorb ultra-violet light. In choosing a shielding 

label, the following points should be carefully 
checked. 

* Adhesiveness (mechanical strength). Avoid 
repeated attaching or exposure to dust that may 
reduce the adhesive strength. Ultraviolet erasing 
and reprogramming are recommended after 
stripping off an attached label. (When the need 
arises to change a label, it is advisable to put a 
new one on over the old one since peeling may 


___ | 40 |07]06|05 ]04]03}02]01 00] Hex Data 
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create a static charge.) 

* Allowable temperature range. Use the shielding 
label in an environment whose temperature falls 
within the specified allowable temperature range. 
Beyond the specified temperature range, the 
paste on the label may harden or stick too fast: 
When it hardens, the label may come off easily. 
When it sticks too fast, the paste may remain on 
the window glass after the label has been re- 
moved. 

* Moisture resistance. Use the shielding label in an 
environment whose humidity falls within the 
specified allowable humidity range. 


6.7 EPROM Programmer 

The EPROM programmer stores the user’s program 

in its internal RAM and writes the program in the 

EPROM. For this programming, 3 functions at least 

are necessary: blank check function prior to pro- 

gramming, programming function, and the verify 

function after programming. Figure 6-11 shows the 

programming flow chart. Some programmers check 

for pin contact failure or the reverse insertion 

before the blank check. 

The outline of each block is as follows. 

1. Pin contact check 
In the ROM pin and socket connection test, | 
checking is normally performed by detecting the 
forward current at each EPROM pin. Care is 
necessary as this forward biased resistance differs 
in products of each company. 

2. Reverse insertion check 
This check detects the reverse insertion of the 
device, places the equipment in reset mode and 
protects the device and equipment. 

3. Blank check 
This check is performed before programming. It 
checks whether the device is an erased EPROM, 
or it preventing EPROM reprogramming. Since 
the output data in the erased condition are 1 
(high level), check whether or not data in 
EPROM are all 1. It will fail-stop even when one 
bit is O (low level). Normally, it is designed to 
provide warning with a lamp or buzzer. 

4. Programming 
The function of programming the data in the 
internal RAM of the programmer into EPROM 
will fail-stop when programming cannot be done. 
The normal flow is as shown in figure 6-12. The 
EPROM data will be read out prior to pro- 
gramming and compared with programming data. 
If they coincide, programming will be skipped 
and if they differ, programming will be per- 
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Figure 6-12. Programming 
Flow Chart of EPROM 
Programmer (2) 


Figure 6-11. Programming 
Flow Chart of EPROM 
Programmer (1) 


formed. Then, the data will be read out again 
and compared with the programming data, and if 
they coincide, the programmer will progress to 
the next address. 

5. Verify 
This function checks after programming com- 
pletion whether or not the programming is 
correct when comparing with the data in the 
internal RAM of the programmer. It performs 
fail-stop when they do not coincide. Normally, 
when it fails, it lights the fail lamp and displays 
the address and data. 

6. How to input the program 
Table 6-2 shows several methods for inputting 
the program data to the internal RAM of the 
programmer. Normally, paper tape input and 
teletypewriter input are prefered options. 


Table 6-2. EPROM Data Input 


Method Content 
Copy input Input by copying the master ROM. 
Manual input Input by the keyswitch on the front 


panel. Used for correction or 
revision of program 


Paper tape input | Read the paper tape furnished 
from the host system with the 


tape reader 


Teletypewriter Input with the teletypewriter. 
input Preparation, correction, and list 


6.8 Handling EPROMs 
Touched with a charged human body or rubbed 
with plastics or dry cloth, the glass window of an 
EPROM generates static electricity which causes de- — 
vice malfunctions. Typical malfunctions are faulty 
blanking and write margin setting that give the false 
impression that information has been correctly 
written in. As already reported at the international 
conferences concerning the reliability of LS! chips, 
this is due to the prolonged retention of electric 
charge (resulting from the static electricity) on the 
glass window. Such malfunctions can be eliminated 
by neutralizing the charges by irradiating with ultra- 
violet rays for a short time. The EPROM should be 
reprogrammed after this irradiation since it reduces 
the electric charges in the floating gate, too. The 
basic countermeasure is to prevent the charging of 
the window, which can be achieved by the following 
methods as in the prevention of common static 
breakdown of ICs. 

1. Ground operators who handle the EPROM. 
Avoid using things such as gloves that may 
generate static electricity. 

2. Refrain from rubbing the glass window with 
plastic or other materials that may generate static 
electricity. 

3. Avoid the use of coolant sprays which contain 
some ions. 

4. Use shielding labels (especially those containing 
conductive substances) that can evenly dis- 
tribute established charge. 


6.9 Ensuring OTPROM Reliability 

One time electrically programmable ‘ROM 
(OTPROM) has two kinds of packages: standard 
dual in-line package (DIP) and small outline package 
(SOP). It is one time only programmable because it 
has no window for ultraviolet light exposure; testing 
by programming and erasure cannot be performed 
after it is assembled. 

So, Hitachi performs screening test for program- 
ming, access time, and data retention on wafers at 
proving test. 

However, rare defects may occur in the assembly 
process cannot be completely removed in final test 
screening which is only a reading test. 

Therefore, Hitachi recommends that users perform 
high temperature baking after programming devices 
to ensure high reliability. : 

Detailed conditions and procedures for screening are 
shown in figure 6-13. First, program and verify 


preparation of the program can be devices. Then, leave them without bias at 125 to 
made. 150°C for 24 to 48 hours. 
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After that, check read-out function and remove the 
chips with data retention failures. 

From the results of devices in which the recom- 
mended screening test is properly performed, we 
confirm that the data retention characteristics of 
OTPROMs are equal to general EPROMs. 
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Figure 6-13. Screening Flow Chart of OTPROM 
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7. MASK ROM PROGRAMMING INSTRUCTION 


The writing of the custom program code into mask 
ROMs is performed by the CAD system on a large- 
sized computer. ROM code data should conform to 
specifications given below, using either paper tape, 
EPROM, or magnetic tape. Additional instructions, 
such as chip select and customers’ part number, 
should be given in the ‘“ROM Specification Identifi- 
cation Sheet’ 


7.1 Specification of EPROM 

1. Submit the three sets of the EPROM-stored data. 
Specify the address of the EPROM in the case of 
two or four EPROMs. 

2. The ROM code data is input from the start 
address to Final Address in the EPROM. 

3. Type of EPROM 
HN482764 (8-kword x 8-bit, 2764 Compatible) 
HN4827128 (16-kword x 8-bit, 27128 Com- 


patible) 

HN27256 (32-kword x 8-bit, 27256 Com- 
patible) 

HN27C256 (32-kword x 8-bit, 27C256 Com- 
patible) 


7.2 Specification of Magnetic Tape 

1. Use the following type of magnetic tape which 
can be used by a magnetic tape device com- 
patible with the IBM magnetic tape device. 


Length ..... 2,400 feet, 1,200 feet or 600 feet 

Wit a tate Sk oa ed Soe Deas 1/2 inch 

Chantel: co en seca eee a ee ee 9 channels 

Bit density .... 800 BPI or 1,600 BPI (Clearly 
state which it is in the ““ROM 
Specification Indetification 
Sheet’’.) 


. Use EBCDIC as the use code. 
. Follow the format of the magnetic tape as de- 


scribed below 
No leading tape mark 


No label 
Record size ............. 80 byte/1 record 
Block size ............. 10 records/1 block 


The end of the file should be indicated by 2 
successive tape marks (TM) (figure 7-1). 


. HMCS6800 load module data mode. This mode 


is the object mode output from the assembler 

HMCS6800. 

Divide the 8-bit code into the upper and lower 

4-bit codes, and convert each into hexadecimal 

notation. 

Example: The code 1100 0110 is as follows 
under binary notation. 

(Upper 4-bits) (Low 4-bits) Bit weight 

D7 D6 D5 D4 D3 D2 D1 DO (ROM output 

11 0 0 0 1 1 O equivalence) 


The actual load module mode is shown in figure 
7-2. 


E 
Block 1 Block 2 Block 3 T T 6 
M M T 


Figure 7-1. Magnetic Tape Format 
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Figure 7-2. HMCS68000 Load Module Data Format 
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SO indicates the head of the file and S9 indicates the 
end of the file. The actual data starts following S1. 
This means that the data starts from the address 
(hexadecimal) indicated in the address size. The 
address of the address size of the data recorder is 
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compared with the next data recorder address by 
counting in increments of 1 byte of the data and 
checking whether it is sequential or not. The 
printed example of the HMCS6800 load module 
mode is as shown in figure 7-3. 


Header Record ~S00B000058204558414D504CB5 


Data Record 


Data Record 
End of 


File Record —-~S9I9DZ0000FC 


—-~SlLI3FOO0OO07EFS5587EF7897EFAA77EFOCO7EF9OC47E24 
—+~S1LI2FOlO0FA6S5S7EFA8B7EFAAO07EFO9DCTEFA2Z47E06 





Figure 7-3. HMCS6800 Load Module Example 


If an address is skipped, enter the skipped address 
into the ‘‘ROM Specification Identification Sheet” 
and the data (OO or FF) entered into the skipped 
address. 


5. BNPF mode 
One word is symbolized by the word start mark 
B, the bit content represented by 8 characters of 
P and N, and the BNPF slice composed of succes- 
sive 10 characters of the work end mark F. 
The contents from F of one BNPF slice up to B 
of the next BNPF slice are ignored. 
(Example) The code of AA (hexadecimal) is 

symbolized as shown in figure 7-4. 

It is necessary to designate the bit pattern (BNPF 
slice) on all ROM addresses. Therefore, the term 
of the ROM head address of ‘‘ROM Specification 
Identification Sheet’’ always becomes 0. 


Bs eee tdiere Indicates start of 1 word. 

IG oe, Sanaa eames Indicates 1 bit data. 

Pre sata te hain le 5:4 aa Indicates 1 bit of 1 data. 
Pics eu t See e Indicates end of 1 word. 
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ee SOS Se Fe 





~ 
a 


WiLL Le Le 


Figure 7-4. BNPF Mode Example 


7.3 Specification of Floppy Disk 
1. Use the following type of floppy disk (figure 
7-5): 


























Type. . . . 8 Inch Single Sided and Single Density 
Number of Sectors ................. 26 
Number of Tracks................-. 77 
Sector 26 
| Sector 01 
a | / Sector 02 
Sector 21 SS i 
2 SAX SN Sector 03 
Wy SY \ 
we wy * Se 
A th hws q ii ih a vig - 
( i & S, a 
cx at La oe } 
i oe Sane? , hy 
Sector 16 Of ZB sag ‘J 
Track 74 
~ One Record 
Track 00 
(Index : Track) 


Figure 7-5. Floppy Disk Format 

2. Use EBCDIC as the use code. 

3. Format the floppy disk as described below. 
Composition is described in table 7-1. 
Record size ..........00.- 80 byte/1 record 


Table 7-1. Floppy Disk Composition 











Location 
Item 









Sector 








Standard Volume Label 
Standard Head Label 
Data Area 

Alternal Track 














Spare Track 
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Use the sectors as in figure 7-6. Use one sector 
for one record, that is, 80 bytes out of 128 bytes 
























Record 1 
(80 bytes) 


Record 2 
(80 bytes) 


Record 3 
(80 bytes) 


Figure 7-6. Floppy Disk Sector Format 
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used for one record. 
4. Data Mode. See data mode for magnetic tape. 
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Figure 7-7. Mask ROM Development Flowchart 
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8. INSTRUCTIONS FOR USING MEMORY 
DEVICES 

8.1 Prevention of Electrostatic Discharge 
As semiconductor memory designs are based on a 
very fine pattern, they can be subject to malfunc- 
tion or defects caused by static electricity. Though 
the built-in protection circuits assure unaffected re- 
liability in normal use, devices should be handled 
according to the following instructions: 

1. In transporting and storing memory devices, put 
them in conductive magazine or put all pins of 
each device into a conductive mat so that they 
are kept at the same potential. Manufacturers 
should give enough consideration to packing 
when shipping their products. 

2. When devices touch a human body in mounting 
or inspection, the handler must be grounded. Do 
not forget to insert a resistor (1MQ2 approx is 
desirable) in series to protect the handles from 
electrical shock. 

3. Keep the relative ambient humidity at about 50% 
in process. 

4. For working clothes, cotton is preferrable to 
synthetic fabrics. 

5. Use a soldering iron operating at low voltage (12 
V or 24 V, if possible) with its tip grounded. 

6. In transporting the board with memory devices 
mounted on it, cover it with conductive sheets. 

7. Use conductive sheets of high resistance (about 
10? ohm/Q) to protect devices from electrostatic 
discharge. For, if dropped onto conductive 
materials like a metal sheet, devices may de- 
teriorate or even breakdown owing to sudden 
discharge of the charge stored on the surface. 

8. Never set the system to which memory devices 
are applied near anything that generates high 
voltage (e.g. CRT Anode electrode, etc.). 


8.2 Using CMOS Memories 

As shown in figure 8-1, the input of a CMOS 
memory is connected to the gate of an inverter con- 
sisting of PMOS and NMOS transistors. Figure 8-2 
shows the relationship between the input voltage 
and current in this inverter. The top and bottom 
transistors turn ON and make current flown when 
the input voltage becomes intermediate level. There- 
fore, it is.necessary to keep the input voltage below 
0.2 V or above Vcc — 0.2 V in order to minimize 
power consumption. The data sheet specifies the 
stand-by current for both the cases of input level 
with minimum V;4 and maximum V,, and that 
with 0.2 V or Vee — 0.2 V, and the difference in 
value is remarkably great. Some memory devices 
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are designed to cut off such current flow in standby 
mode by the control of input signals, but it depends 
on device type. This should be confirmed in data 
sheets for each device type. 


Vee 


{ I 
P 
Input Output 
N 
Figure 8-1. CMOS Inverter 


Current( Arbitrary Unit) 





Input Voltage 


Relationship between Input Voltage & Current 
In CMOS Inverter 


Figure 8-2. 


Another problem particular to CMOS devices is 
latch-up. Figure 8-3 shows the cross section of a 
CMOS inverter and the structure of a parasitic 
bipolar transistor. The equivalent circuit of the 
parasitic thyristor is shown in figure 8-4. When 
positive DC current or pulse noise is applied (figure 
8-4 (a)), TR3 is turned on owing to the bias voltage 
generated between base and emitter. And trigger 
current flows into GND through Rp, the base re- 
sistance of TR2. As a result, TR2 becomes conduc- 
tive and current flows from power supply (Vcc) 
through the base resistance of TR1 (Ry), which 
puts TR1 into conduction, too. Then, as the base 
of TR2 is rebiased by collector current from TR1, 
the closed loop consisting of TR1 and TR2 reacts. 
Thus current flows constantly between power 
supply (Vcc) and GND even without trigger current 
caused by outside noise. 

Latch-up can be caused by a negative pulse, too 
(figure 8-4 (bb)). Most of semiconductor memory 
manufacturers are trying to improve latch-up im- 
munity of their products. Hitachi provides enough 
guard band by applying diffusion layer around 
inputs and outputs, taking care not to connect input 
to p* diffusion layer. Input voltage for 64 kbit 
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static RAM HM6264A, for example, is specified as 
follows: 
Vin max 6.0 V_ (not depending on Vcc) 
Vit min3.0 VV (pulse width = 50 ns) 
—0.3 V (DC level) 





Internal Input © 


Vece(+5V) Vee 


Internal Input 





Thus almost no consideration for latch-up is re- 
quired in system design. 


Pin 


Figure 8-3. Cross Section Structure of CMOS Inverter 


Closed Loop 
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Voltage j | 
| 


Tre ON | 
I 


(a) Thyristor Effect by 
Positive Voltage 






Negative Taz ON 
Voltage | 


Tri ON 
Tre ON 


(b) Thyristor Effect by 
Negative Voltage 


Figure 8-4. Equivalent Circuit of Parasitic Thyristor 


8.3 Noise Prevention 

Noise in semiconductor memories is roughly clas- 
sified into input signal noise and power supply 
noise. 


8.3.1 Input Signal Noise 

Input signal noise is caused by overshoot and under- 
shoot. If either of them is out of recommended DC 
Operating conditions, normal operation is hindered, 
and voltage over absolute maximum rating will 
break the device. In operating high speed systems, 
special care is required to prevent input signal 
noise. 

The noise can be prevented by inserting a serial re- 
sistance of less than 50 ohm into each input or a 
terminating resistance into the input line. Actually, 
however, input signal noise can be simply reduced by 
a stable power supply line, because it is often caused 
by unstable reference voltage (GND level). 


8.3.2 Power Supply Noise 

The power source noise can be classed as low- 
frequency noise and high-frequency noise as shown 
in figure 8-5. To assure stable memory operation, 
the peak-to-peak power supply voltage in the pre- 
sence of low-or high-frequency noise should be held 
below 10 percent of its standard level. 


High-frequency Noise 
Not More than 10% of Standard 
Power Supply Voltage. 





Sa i 


Low-frequency Noise 

Not More than 10% of Standard Power 
Supply Voltage. 

Total of Low-and High-frequency 

Not More than +10% of Standard Power 
Supply Voltage. 


Figure 8-5. Power Source Noise 
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Devices like dynamic RAMs, which operate from 
clock signals, or high speed CMOS static RAMs, 
through which current flows during transition of 
signals, consume high peak current. When a power 
supply does not have enough capacity for the peak 
current, voltage drops. And if the recovery rate of 
the power supply synchronizes with its time con- 
stant, it may start oscillating. To reduce the in- 
fluence of the peak current, a bypass capacitor of 
0.1 — 0.01 uF should be inserted near the device. 
The following points must be considered in design- 
ing pattern of the board: 
* For bypass capacitors, use titanium, ceramic, or 
tantalum capacitors which have better high- 


Preferred 


CS aes 


Signal 


Vcc Vss Vec VssVec Ves 


Data 1/0 


Figure 8-6. 
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frequency characteristics. 

* Bypass capacitors must be applied as near to the 
power supply pin of memory devices as possible, 
and inductance in the path from Vcc pin to Vs¢ 
pin through the bypass capacitor must be as little 
as possible. 

* The line connected to the power supply on the 
board should be as wide as possible. 

* It is preferrable for the power supply line to be 
at right angles to devices selected at the same 
time, lest too much peak current should flow 
through one power supply line at a time. 


Non-preferred 


-Faults- 

1. Bypath Lines are too 
Long. 

2. Devices Selected at 
a Time are on the 


Same Mother Line. 


Vec Vss 
Data I/O 


Examples of Power Supply Board Pattern 
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HM6147H Series—— 


4096-word x 1-bit High Speed CMOS Static RAM 


MFEATURES 
@ High Speed: Fast Access Time 35ns/45ns/55ns (max.) 
@ Low Power Standby and Low Power Operation, 
Standby: 100uW (typ.)/5uW (typ.) (L-version), 
Operation: 150mW typ. 
Single 5V Supply and High Density 18 Pin Package 
Completely Static Memory — No Clock nor Timing Strobe 
Required 
No Peak Power—On Current 
No Change of t4 cg with Short Chip Deselect Time 
Equal Access and Cycle Time 
Directly TTL Compatible — All Input and Output 
Separate Data Input and Output: Three State Output 
Plug-In Replacement with Intel 2147H NMOS STATIC RAM 
Capability of Battery Back Up Operation (L-version) 


MORDERING INFORMATION 


Access Time 













Package 


HM6147HP-35 35ns 
HM6147HP-45 iGis 

__HM6147HP-95 55ns 300mil 18pin 
HM6147HLP-35 35ns Plastic DIP 
HM6147HLP-45 45ns 





HM6147HLP-55 dons 





MBLOCK DIAGRAM 


™ | ene | 
42 Ss} Rew Memory Array 

\s > Decoder 64 x 04 ie 
\ > 

\s > a 

Au > ae 





| U 





Ax Ae As As Aro Arr 


MABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin relative to Vss V 
DC Output Current a mA 
Power Dissipation | Pro |i W 
Operating Temperature 0 to +70 1c 
Storage Temperature under bias Cc 
Storage Temperature Cc 


Note) *1 -—3.5V for pulse widthS20ns 


© HITACHI 


Maintenance Only 





(DP-18) 


MPIN ARRANGEMENT 





(Top View) 
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HM6147H Series — 





BERECOMMENDED DC OPERATING CONDITIONS (0°C S$Tas70'°C) 


Parameter Foal ee ee 
see ee a a ae a 

Supply Volt 
input High (logi= 1) Voltage ve [#0 | 30 [60 [Vv 
Input Low (logic 0) Volteg on (ART a a 


Note) * 1. —3.0V for pulse width S20ns 


HDC AND OPERATING CHARACTERISTICS (0°CSTaS70'°C, Vec=5V+10%, Vss=0V) 


Input Leakage Current — Veo™5.5V, Vssto Vee 


CS=Vin, Verm Vss to Vec 


* 
i) 


5 


Unit 
BA 
HA 


typ 


Output Leakage Current 
Operating Power Supply Current (1) 


cc CS=Vir, Output open 
CS=Vit, Minimum Cycle 


Pomeg 


Operating Power Supply Current (2) mA 


bang 
OQ 
i=] 





So 


S= Vin, Vec=Min to Max 


om 
& 


Standby Power Supply Current (1) ; ; 
5* 15*° 


800 
100*3 


CS= Vcc —0.2V, 


bo 


Standby Power Supply Current (2) Ispi uA 


Vin20.2V or Vine Vcc —0.2V 


Notes) * 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet minute. 
* 2. Typical limits are at Vcc =5.0V, Ta=25°C and Specified loading. 
* 3. This characteristics are guaranteed only for L-version. 


i 


Output Low Voltage 


Output High Voltage 


WECAPACITANCE (Ta=25°C, f=1.0MHz) 


Input Capacitance 


Output Capacitance 


<3 
x 


Note) This parameter is sampled and not 100% tested. 


m AC CHARACTERISTICS (Ta = 0 to +70°C, Veco = 5V + 10%) Vec 
®AC TEST CONDITIONS 


Input pulse levels: Voc to 3.0V 
Input rise and fall times: 5 ns Dout 
Input timing reference levels: 1.5V Output Load A 
Output load: See Figure 
Output timing reference levels: 1.5V (HM6147H-35) 

0.8 to 2.0V (HM6147H-45/55) 


510Q 


3309 J0pF * 


* Including scope & jig capacitance 


Vee 


I1OQ 
Does 
Output Load B . sok 
(for tz, thz, twz, tow) °" | 
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HM6147H Series 


@ READ CYCLE 


HM6147H-35 HM6147H™ 45 HM6147H-55 
Symbol 


Parameter Unit Notes 


Read Cycle Time 


—_ 
i) 
— 


Address Access Time 
Chip Select Access Time tacs 
Output Hold from Address Change 
Chip Selection to Output in Low Z 


2), (3), (7) 
(2), (3), (7) 





Chip Deselection to Output in High Z 
Chip Selection to Power Up Time 


Chip Deselection to Power Down Time 


@ TIMING WAVEFORM OF READ CYCLE NO.1°’ 


tac 


Address 


Data Out Previous Data Valid Data Valid 





@ TIMING WAVEFORM OF READ CYCLE NO.2‘° 









cS 
tnz 
a 
Data Out [ atate | High Impedance 
(po 
Vec Supply Slteetieeetieediondioas 
Current 


Notes: 1. All Read Cycle timings are referenced from last valid address to the 
first transitioning address. 
2. At any given temperature and voltage condition, #/Z max. is less than 
{1Z min. both for a given device and from device to device. 
3. Transition is measured +500mV from steady state voltage with 
rate loading in Load B. 
is high for READ Cycle. 
Device is continuously selected, CS=V7. 
Addresses valid prior to or coincident with CS transition low. 
. This parameter is sampled and not 100% tested. 


IONS 
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HM6147H Series —£ -@ 


@ WRITE CYCLE 


Write Cycle Time 
"Chip Selection to End of Write 
Address Valid to End of Write 
Address Setup Time 
Write Pulse Width 
Write Recovery Time 
Data Valid to End of Write 
Data Hold Time 
Write Enabled to Output in High Z 


Output Active from End of Write 


oh Se a ON BUR 
ee we Ew ae Re 
ee ee a ee 
PSRs ee aoe ee ee 
eee ae ee ee 
0 Be oO 
5 We ea ee ee 
7a Boe Se Se ES 


@ TIMING WAVEFORM OF WRITE CYCLE (WE Controlled) 


~ 
| 
a 


Addres 


= \VA V7 
ag SR 


Data Out Data Undefined 


High Impedance 


@ TIMING WAVEFORM OF WRITE CYCLE (CS Controlled) 


66 


Notes: 





Address 








Dicenrneneneensi 


twp 


= “Vw. eee 
: " 








* Data In Valid 


Date Out Data Undefined 


High Impedance 


. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 

. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
. Transition is measured t+5O0OmV from steady state voltage with specified loading in Load B. 

. This parameter is sampled and not 100% tested. 

. CS or WE is high for address transition. 
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HM6147H Series 


MLOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0T to +70) 


This characteristics are guaranteed only for L-version. 





CS2 Vec—0.2V 

Vec for Data Retention Vor V 

Vin2 Vec—0.2V or VinS0.2V 
Vcc =3.0V, CS22.8V 

Data Retention Current Iccor BA 
Vin2z2.8V or VinS0.2V 

Chip Deselect to Data Retention Time Poo | = | = | ns 
See Retention Waveform 


Note) * 1. frc= Red Cycle Time. 


@®LOW Vic DATA RETENTION WAVEFORM 





Data Retention Mode 





Vec 





CS2 Vor-02V 
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HM6147H Series 


ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE 


Access Time tsa, tacs (Normalized) 


Access Time taa,tacs (Normalized) 





Supply Voltage Vcc (V) 


‘Ambient Temperature Ta (‘C) 





ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY 
1.3 
» 1.2 
2 = 
fs 2 
3 = 10 
7 5 0.9 
g Bos 
a9 5 10 15 20 25 30 
Load Capacitance Ci (pF) Frequency f (MHz) 
INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 


Input Low Voltage Wit (Normalized) 
Input High Voltage Vinx (Normalized) 





Supply Voltage Vec (V) Supply Voltage Vec (V) 
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HM6147H Series 


OUTPUT CURRENT VS. OUTPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT VOLTAGE 





Output Current fow (Normalized) 
Output Current Joz (Normalized) 





Output Voltage Vow (V) Output Voltage Vou (V) 


STANDBY CURRENT VS. AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE 


Standby Current /sai (A) 
Standby Current Isa: (Normalized) 





2 3 4 5 6 





Ambient Temperature Ta (C) Supply Voltage Vec (V) 


STANDBY CURRENT VS. INPUT VOLTAGE 


Ta =25°C 
Veco =5.0V 
CS=4.8V 





Standby Current /sai (Normalized) 


Input Voltage Ve (V) 
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Maintenance Only 


HM6116 Series 


2048-word x 8-bit High Speed CMOS Static RAM 


MI FEATURES 

@ Single 5V Supply 

@ High speed: Fast Access Time 

@ Low Power Standby and Standby: 


HM6116P Series 


120ns/150ns/200ns (max.) 
100uW (typ.) 

10uW (typ.) (L-version) 
180mW (typ.) 

160mW (typ.) (L-version) 


Low Power Operation Operation: 


@ Completely Static RAM: No clock or Timing Strobe Required 
@ Directly TTL Compatible: All Input and Output 
@ Pin Out Compatible with Standard 16K EPROM/MASK ROM 
@ Equal Access and Cycle Time 
@ Capability of Battery Back Up Operation (L-version) (DP-24) 
ORDERING INFORMATION PMSLIGEE Setice 
Tipe No. Package 
HM6116P-2 120ns 
HM6116P-3 150ns 
HM6116P-4 200ns 600mil 24pin 
HM6116LP-2 120 ns Plastic DIP 
HM6116LP-3 150ns 
HM6116LP-4 200 ns 
HM6116FP-2 120ns 
HM6116FP-3 150 ns 
HM6114FP-4 200 ns pee raeneene 
HM6116LFP-2 120 ns pone 
HM6116LFP-3 150 ns 
HM6116LFP-4 200 ns pare 
EBFUNCTIONAL BLOCK DIAGRAM 
AiO > aan ——0 Veo 
\ \ Row ; Memory Matrix mete Vor 
Decoder 
128 x 128 








Input 


Data 





Control 


A Column 1/0 









cs 
& g 


oa ewe 
eee 
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(Top View! 


Note) This device is not available 
for new application. 
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MABSOLUTE MAXIMUM RATINGS 


Item Symbol Rating Unit 
Voltage on Any Pin Relative to Vss Vr -0.5*! to +7.0 V 
Operating Temperature an 0 to +70 °C 


—55 to +125 Cc 
—-10 to +85 x 


Storage Temperature 


 P 


Storage Temperature Under Bias Tis 


4 


Power Dissipation 
Note) * 1. --3.5V for pulse width $50ns 


MTRUTH TABLE 


[oe [WE [Mocs dee Garret OP 

ad ee ee a ee 
a (a Se RN 1 OR 
eS ee 


HERECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 





HM6116 Series 


Ref. Cycle 


Read Cycle (1)~(3) 
Write Cycle (1) 
Write Cycle (2) 


pve TST 
Note) * 1. —3.0V for pulse width =50ns. 
HIDC AND OPERATING CHARACTERISTICS (Vec=5V+10%, Vss=0V, Ta=0 to +70°C) 
- Hmeneaa | 
Item Symbol Test Conditions es ae ee agen seas Unit 
imam [ecient =p ett te 
Output Leakage Current |ILo| 5 OR ee eee LA 
Icc CS= Vit, I1o=0mA ee eee ee mA 
Current "| vonsav, vanowv, | - |» | -|-|[» | - |, 
| | oe ee ee eee ee 
Average Operating Current Icce Min. cycle, duty = 100% SE ee mA 
a ee oe ee 
Ise | 142 Veo—0.2V or Vexo2v | — | 29| soms[ — | 2"3 
,, Lexama PT = foe | ~@ | HW dP 
[Yer [or=-t0ma Sie | ~ | - Pt - T= 1 
Notes) ¥1. Vec=5V, Ta=25°C 
* 2. Reference Only 
* 3. This characteristics are guaranteed only for L-version. 
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HM6116 Series SSS SS SS 


WICAPACITANCE (f=1MHz, Ta=25°C) 


Tien 
er 


Note) This parameter is sampled and not 100% tested. 


MBAC CHARACTERISTICS (Vcc=5V110%, Ta=0 to +70°C) 
@AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fal! Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C; (100pF) (including scope and jig) 


4 


Input/Output Capacitance 


@READ CYCLE 


HM6116-4 
Item Symbol 


Read Cycle Time RC 


Address Access Time 


Chip Select Access Time 

Chip Selection to Output in Low Z 
Output Enable to Output Valid 
Output Enable to Output in Low Z 
Chip Deselection to Output in High Z 


lacs 


teiz 


torz 


tcnz 


Chip Disable to Output in High Z 
Output Hold from Address Change 


HM6116-2 HM6116-3 
15 


@WRITE CYCLE 


HM6116-2 HM6116-4 


HM6116-3 


Item Symbo 


Write Cycle Time twe 
Chip Selection to End of Write 
Address Valid to End of Write 
Address Set Up Time 

Write Pulse Width 

Write Recovery Time 

Output Disable to Output in High Z 
Write to Output in High Z 

Data to Write Time Overlap 

Data Hold from Write Time 

Output Active from End of Write 


~~ ~ 
— 


is) 
= 


~ ~) 


BTIMING WAVEFORM 
@READ CYCLE (1)°” 


tet 


Tk VVTTZZ 
s VS 5 KWZZIZZ 


tacys 


eee 
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= 
m 


Unit 
pF 
pF 


Unit 


s 
an 


ns 
ns 
ns 


ns 


ns 
ns 


ns 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


@READ CYCLE (2)‘”’“”’ 


Address 


Dout 


@ READ CYCLE (3){?°“® 


Cs 





Dout 


NOTES: 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS = V;,. 


3. Address Valid prior to or coincident with CS transition Low. 
4. OE= VIL. 


@ WRITE CYCLE (1) 


: two 
OE / 


le, WAAAN 
ae NASA LI IIL 






Dout NNN 
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HM6116 Series 


73 








HM6116 Series 


@WRITE CYCLE (2)°” 


twe 


s VIN hy VV 7ZIZZ2 


e YAAAS - : 






a twuz (3) (6) (7) 
‘ LAAN NNAVNVV NEN ALYY a L\LVNZN 
we DI TI LIL 
me ton 
to D (8) 
Din 
NOTES: 1. A write occurs during the overlap (twp) of a low CS and a low WE. 


2. twr is measured from the earlier of CS or WE going high to the end 

of write cycle. 

3. During this period, I/O pins are in the output state so that the input 

signals of opposite phase to the outputs must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 

. OE is continuously low. (OE = Viz) 

- Dout is the same phase of write data of this write cycle. 

Doyt is the read data of next address. 

If ot is Low during this period, 1/O pins are in the output state. 

Then the data input signals of opposite phase to the outputs must 

not be applied to them. 


DIA 


MLOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C) 


This characteristics are guaranteed only for L-version. 


Vcc for Data Retention CS2 Vee -0.2V, Vis2 Veo -0.2V of Vin S0.2V 
Data Retention Current Vec=3.0V, CS22.8V, V..22.8V or V.. $0.2V 


i select to Data Retention Time | tcor 
eee | teon | See Retention Waveform rz) 
Operation Reéovery Time he. 4 tre 


Notes) * 1. 10uA max at Ta=0°C to +40°C, Viz min= -0.3V 
* 2. trc= Real Cycle Time. 


@Low Vcc Data Retention Waveform 


Unit 






MA 


ns 


< 


ns 


eae 
hess 


Data Retention Mode 


CS2 Vor -0.2V 
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Supply Current Icc./cc2( Normalized) 


Access Time taa.tacs (Normalized) 


Access Time taa.tacs (Normalized) 





SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 


= 
TT 
aa 
ha 
a ae 






0.8 


Supply Current Icc.icc2 {Normalized} 


45 4.75 5.0 §.25 55 
Supply Voltage Vcc (V) 


ACCESS TIME 
vs. SUPPLY VOLTAGE 


Access Time taa.tacs( Normalized} 





Supply Voltage Vcc (V) 


ACCESS TIME 
vs. LOAD CAPACITANCE 


Supply Current Iccz (Normalized) 


Load Capacitance Ci (pF) 
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SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


HM6116 Series 





Ambient Temparature Ta ('C' 


ACCESS TIME 


vs. AMBIENT TEMPERATURE 





Ambient Temperature Ta (°C) 


SUPPLY CURRENT 
vs. FREQUENCY 


Frequency { (MHz) 
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HM6116 Series 


LOW INPUT VOLTAGE HIGH INPUT VOLTAGE 
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE 


Low Input Voltage Viz (Normalized) 
High Input Voltage Vin (Normalized) 





Supply Voltage Vcc (V) Supply Voltage Vcc (V) 
OUTPUT CURRENT OUTPUT CURRENT 
vs. OUTPUT VOLTAGE vs. OUTPUT VOLTAGE 


Output Current low( Normalized) 
Output Current loc( Normalized) 





Output Voltage Vow (V) Output Voltage Vo. (V) 
STANDBY CURRENT vs. STANDBY CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


Standby Current Isa: (A) 


Ta =25°C 
CS= Vec ~0.2V 


Standby Current /sai{ Normalized) 





Ambient Temperature Ta (°C) Supply Voltage Vec (V) 
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HM6116GA Series — — Maintenance Only 


2048-word x 8-bit High Speed Static CMOS RAM 


® FURTURES | HM6116AP Series 
@ High speed: Fast Access Time 120ns/150ns/200ns.(max.) 
@ Low Power Standby and Standby: 100uW (typ.) 

Low Power Operation 5uW (typ.) (L-version) 


Operation: 15mW (typ.) (f = 1 MHz) 
10 mW (typ.) (L-version) 





Equal Access and Cycle Time 
Capability of Battery Back Up Operation (L-version) 


@ Single 5V Supply and High Density 24 Pin Package 

@ Completely Static RAM: Noclock or Timing Strobe Required 

@ Directly TTL Compatible: All Input and Output (DP-24) 
@ Pin Out Compatible with Standard 16K EPROM/MASK ROM HM6116ASP Series 

@ 

® 


MIORDERING INFORMATION 





HM6116AP-12 120ns 

HM6116AP-15 150ns 

HM6116AP-20 200ns 600mil 24pin 

HM6116ALP-12 120ns Plastic DIP (DP-24N) 
HM6116ALP-15 150ns 

HMG6116ALP-20 200ns 

HM6116ASP-12 120ns GPIN ARRANGEMENT 
HM6116ASP-15 150ns 

HM6116ASP-20 200ns 300mil 24pin 

HM6I116ALSP-12 120ns Plastic DIP 

HM6116ALSP-15 150ns 

HM6116ALSP-20 200ns 


MIFUNCTIONAL BLOCK DIAGRAM 





—o Ke 






Memory Matrix ees 


128 X 128 





Column I/O 


(Top View) 





Column Decoder 


Note) This device is not available for new application. 
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HM6116A Series 


MABSOLUTE MAXIMUM RATINGS 












item tn 
Voltage on Any Pin Relative to Vss V 
Operating Temperature c 
Storage Temperature | C 
Storage Temperature Under Bias Tai i 
Note) * 1. —3.5V for pulse width $50ns. 
MTRUTH TABLE 
[oe | WE [weeds Cares 0 Pn) et 
r 
as Ae Se AT A 
Se a Ee DT 
MIRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 
oe ve | 4s | so TST 
u oltage 
ee ee 2 
oe ee GR ee a 
Note) * 1. —3.0V for pulse width=50ns. - 
=» DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, Vss =0V, T, = 0 to +70°C) 
m HM6116A-12 HM6116A-15 HM6116A-20 ‘ 
Item Symbol Test Condition Unit 
Fanin Pye] ma ain [typ [max | i 
Input Leakage Voc=5.5V, Vin=Vss 
Current to Voc . 2 2 2 pA 
Output Leakage CS=V 747 or OE=V 77 
. A 
Current . ULo! Vijo=Vss to Vcc : : . 
loc | CS=¥mtyo-oma | - | 5 [is {| -| s [is | -| 5s | is}, 
Operating Power ie OID «ce ec ee oe ee eee ee 
simon [7 egereorar™ | Ts Tel -[s lel -[ ale 
Iec1 | CS=Vyzy.’ mA 
Average Operating |, | min, eyee ee a GO 
Current CC2 | duty = 100% [1 30%21s0| — | 20% [402 302 
Isp | CS=Viq po se a ae feat ae mA 
Standby Power | — fossa | — [ose [a | — (0s | 3" 
ee es | - |o02| 2 | - | 002] 2 | - | 002 mA 
SB1 | 1*2 | 5Q0*2 —s 1*2 [50*2 | = | 1*2 | 50*2 uA 
Voi lions P08 es oa ee] S08 2 
Output Voltage 
[Yow [tow==10ma [aa] = [= [24[ = [= Pep = [= [9 





Notes) *1. Voc=5V, Tg=25°C 
*2. This characteristics is guaranteed only for L-version. 
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HM6116A Series 


BECAPACITANCE (f/-—1MHz, Ta=25°C) 


Item Symbol__ | __Test Conditions, | typ_ | max 
Input Capacitance a 0) ee 
Input/Output Capacitance | Cun | omy || 


Note) This parameter is sampled and not 100% tested. 
MAAC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C) 


@AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C; = 100pF (including scope and jig) 


@ READ CYCLE 





HM6116A-12 HM6116A-15 HM6116A-20 


Item Symbol 


Read Cycle Time | tre | 120 [| - | 

Address Access Time | taa | - | 120 | 
Chip Select Access Time | tacs | - | 120 
| tenz 
oe 
| tcuz | 
| tonz _| 


| min 

| 150 _| 

Ieee 

eel 

Chip Selection to Output ir Low Z tcLz | 10 | - | 10 | 

Output Enable to Output Valid to fom | SS UL 
0 


A 


Output Enable to Output in Low Z toLz 10 ee 1 
Chip Deselection to Output in High Z tcoz | O | 40 | 

Chip Disable to Output in High Z toHz | 60 f|)6 640 6] 
Output Hold from Address Change ton | 10 | - | 15 | 


@ WRITE CYCLE 


~~ 


HM6116A-12 HM6116A-15 HM6116A-20 
Item Symbol 


Unit 


wv 


| min | max | min | max_| 

Write Cycle Time we | 120 | - | 1so | ~ | 200 | - | 
Chip Selection to End of Write tow | 70 | - | 90 [| - | 120 ft ee 
Address Valid to End of Write | taw | 10s | - | 120 | - | 140 | -_ 
Addvess Set Up Time a (ee a 
Write Pulse Width we [| | - | #0 | - | 100 | ~- 
Write Recovery Time 7 a a ee 
Output Disable to Output in High Z tonz | 0 | 40 | oO | So | o | 60 | 
Write to Output in High Z twuz | O [| 35 | Oo | 40 | Oo | So | 
Data to Write Time Overlap iw | 38 | - | © | - | 9 | -_ 
Data Hold from Write Time te | of - | of - | of -_ 
Output Active from End of Write tow | 10 | - | 10 | - | 10 | — 


GETIMING WAVEFORM 
@ READ CYCLE (1)°” 


Address KD) 


« (YAAK MYTZZZ 


cs \\Y eee AV LLALL 
TACS face 


Deut =!et2——V¥VX YD 
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F, 


F 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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HM6116A Series 


@ READ CYCLE (2)‘”'?“” 


Address 


Dout 


@READ CYCLE (3)‘”“” 
CS 


tacs tcnz 
ICLZ 
Dout 


NOTES: 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS = V7,. 
3. Address Valid prior to or coincident with CS transition Low. 
4. OF= Viz. 





@WRITE CYCLE(1) 
—twe 


Address Ge 


FAAS 
tee ae 






& \AKAAAAK 
™ KA\AAK 


tOHZ | 1] 
Dout VN NALS 
LAD AS AS 
‘pw ‘DH 
Din 
© HITACHI 
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HM6116A Series 


@WRITE CYCLE (2)‘” 
twe 


= (IY EE 


- YAAK a 


‘A (6) | {7] 


f 
Dout SJ SSDS OW TASAGZ 
A AEA A AAA A A, ZLIRLYZ 
t pw [DH [8] 





Din 


NOTES: 


et) — 


A write occurs during the overlap (twp) of a low CS and a low WE. 
. twr is measured from the earlier of EE ot WE going high to the end 
of write cycle. 
3. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 
OE is continuously low. (OE = Vj, ) 
- Dout is the same phase of write data of this write cycle. 
- Dout is the read data of next address. 

If ek is. Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 


GO IDA 


MLOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70) 


This characteristics is guaranteed only for L-version. 


Item Symbol Test Conditions | min | typ | max Unit 
Vcc for Data Retention Vor CS2 Vcc -0.2V | 20 | -— | - | on 
Chip Deselect to Data Retention Time ore ST rete ee fF oo | = | = | ns 
Operation Recovery Time Fote | Regs tater te eamriget | tect? { = | ae: ns 


Notes) * 1. 10uA max at Ta=0°C to + 40°C, Viz min= —0.3V 
* 2.trc = Read Cycle Time. 


@Low Vcc Data Retention Waveform 
Data Retention Mode 


TS2 Voa-0.2V 





@ HITACHI 
Hitachi America Ltd. © 2210 O’Toole Ave. © San Jose, CA 95131 © (408) 435-8300 81 


HM6116A Series 


SUPPLY CURRENT VS. 
SUPPLY CURRENT VS. SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Supply Current Icci, Jccz (Normalized) 
Supply Current [eci. [ceo (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta CC) 


ACCESS TIME. VS. 
ACCESS TIME VS. SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Access Time taa, tacs (Normalized) 


Access Time t4a, tacs {Normalized ) 





Supel) Vonage Veet V5 Ambient Temperature Ta (C3 


ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY 


Ta=25C 
Vec=MIN 


Access Time taa, tacs (Normalized) 
Supply Current [cc2 (Normalized) 





Load Capacitance Ci (pF) Frequency f (MHz: 
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Low Input Voltage V;, (Normalized) 


Output Current Ion (Normalized ) 


Standby Current J SBI (A ) 


INPUT LOW VOLTAGE VS. SUPPLY 
VOLTAGE 





Supply Voltage Vcc (V) 


OUTPUT CURRENT VS. OUTPUT 
VOLTAGE 





Output Voltage Vow (V) 


STANDBY CURRENT VS. AMBIENT 
TEMPERATURE 





Ambient Temperature Ta (°C) 


High Input Voltage V,;q (Normalized ) 


Output Voltage Io, (Normalized ) 


Standby Current Iss; (Normalized ) 
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HM6116A Series 


INPUT HIGH VOLTAGE VS. SUPPLY 
VOLTAGE 





Supply Voltage Vcc (V) 


OUTPUT CURRENT VS. OUTPUT 
VOLTAGE 





Output Voltage Vo, (V) 


STANDBY CURRENT VS. SUPPLY 
VOLTAGE 


Ta=25°C 
CS= Vee —0.2V 


4 


Supply Voltage Vcc (V) 
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HM6116A Series 


OPERATING SUPPLY CURRENT VS. INPUT VOLTAGE 


Ta =25C 
Veo =5.0V 


Operating Supply Current [cc ‘Normalized: 





Input Voltage Via (V) 
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HM6G 716 Series 
HM6G719 Series 


2048-word x 8-bit High Speed Static RAM 
2048-word x 9-bit High Speed Static RAM 


Features 

Fast Access Time: 25/30ns (max) 
Low Power Dissipation (DC): 280mW (typ.) DP-24NC 
+5V Single Supply 

Completely Static Memory No Clock or Timing Strobe Required 
Balanced Read and Write Cycle Time 

Fully TTL Compatible Input and Output 

Skinny 24-pin Cerdip (300mil) and Plastic DIP (300mil) 





g ORDERING INFORMATION 
Type No. Access Time 















Package 




















HM67 16-25 
Sse 300 mil 24 Pin 
a 
HM6719-25 Cerdip and Plastic DIP PIN ARRANGEMENT 
HM6719-30 e HM6716 

A7Lj 1 
= Block Diagram Agel 
As 3 
Ag 4 
A4°® >a = A3 5 
—oGND Arlt 
! A, U7 
128 x 128 Ao Cf 8 
Ato® (144) vo, Cl» 
VOo 10 

ee soa V0; 

a Column V/O GND 





Input 
Data 
Control 





TW 


(Top View) 









> 
4 








cs So < As 

WE —. ss 

2 3 

OS bp i 

Ai 

Ao 

= Absolute Maximum Ratings VO, 
Item Symbol Unit 1/02 

Terminal Voltage to GND Pin —0.5 to +7.0 Vv he 


Power Dissipation W or 
Operating Temperature Range oC 
Storage Temperature Range —§5 to +125 2C 
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HM6716, HM6719 Series 


# Truth Table 


@® HM6716 
Lf tf a [Red | Toorfecr | Dout | Read Grete ) DO) 
Le [write Teo feos [Din | Wite Crete @ 
pf ef Waite Tees ocr [Din [Wie Cyete 
®HM6719 
cf | _Rad (| —‘Feotecr | _Dout_ | Rad Grek @G) 
Le Witte Trees Fecr [Bin [Wie Cycie @ 


= Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Supply Voltage 


Input High Voltage 


Input Low Voltage 





*) Pulse Width: 20ns, DC: —0.5V 


= DC and Operating Characteristics (Voc = 5V + 10%, T, = 0 to +70°C) 


Input Leakage Current Voo=5.5V, Vin=0V to Voc Po | = [2 | HA 
Output Leakage Current CS-Vin, Vio-GNDto Vee -(| || 
Operating Power Supply Current CS=V 71, [7/9=0mA fF - | - | 120 | mA 
Average Operating Current Min. Cycle, Duty: 100% Fo - {| = | 130 | mA 
CSVinnslyormh «|= =| 30] ma 
Standby Power Supply CS > Vp~p_0.2V 
Current fans = "CC ™™: 10 mA 
Vin & 0.2V or Vin 2 Voc—0.2V . 
® AC Test Conditions 
Input pulse levels: GND to 3.0V 
Input and Output reference levels: 1.5V +200mV from steady level (Output Load B) 
Input rise and fall time: 4ns 
Output Load: See Figure 
+5V +5V 
9102 9100 
Dout Dout 
oCo_— 
6202 30pF* 6202 5pF* 
*including 
scope and jig 
Output Load A Output Load B 
(cuz twHz>tciz tow) 
© HITACHI 
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HM67 16, HM6719 Series 


= Capacitance (7, = 25°C, f= 1.0 MHz) 


Item Symbol Test Conditions 


Input Capacitance Vin=0V 
I/O Capacitance V1jo=0V 


Note) This parameter is sampled and not 100%, tested. 


typ ax Unit 


no) 
us| 


Ss 
rj 


# AC Characteristics (Voc 5V + 10%, Tz = 0 to +70°C, unless otherwise noted.) 


@®READ CYCLE 
HM6716-25 HM67 
HM6719-25 HM671 Unit | Notes 


16-30 
9-30 





. - 
| min | 
Chip Selection to Output in Low Z | terz | 0 | - | 0 | - | ns | =2 
Output Enable to Output Valid tor | 0 | 20 | oO | 2 | ns | et 
Output Enable to Output in Low Z | torzg | Oo | - | 0 | - | ns | aw A 
Chip Deselection to Output in High Z | tcnz | oO | 10 | O | 12 | ns | a) 
Chip Disable to Output in High Z | tonz | Oo | 10 | oO | 10 | ns | *1,*2 
Output Hold from Address Change toH P 5 | = | 5 | = | ms | _ 


® Write Cycle 


HM6716-25 HM67 16-30 
Item Symbol HM6719-25 HM6719-30 Unit Notes 
max 


[max 
i eal 


| 


Write Cycle Time 


=< 
Q 


Output Active from End of Write 


S 
= 


| two | 2 | - | 30 
25 
Chip Selection to End of Write tow | 2 | - | 2 | - | ns | _ 
Address Setup Time TAS | o | - {| o | - | ms | = 
Address Valid to End of Write | taw | 20 | - | 2 | - [| ns | - 
Write Pulse Width ee ee ee ee ee 
Write Recovery Time tWR Foo | - | o | - | as 2 
Output Disable to Output in High Z | tonz | Oo | 10 | O | 10 | ns _ | *1, *2 
Wits to Output in High Z twee [oo fo [a fs [3 
Data Valid to End of Write | tpw | is | - | is | - | ns | - 
Data Hold Time ieee il ee Nie ee oe a 
Pe ee oO eee | 


Notes) *1. These parameters are for HM6716. 
*2. Transition is measured +200mV from steady state voltage with Load(B). 
This parameter is sampled and not 100% tested. 
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HM6716, HM6719 Series 


= Timing Waveforms 
@ Read Cycle (1)"' 


+ trc. —_—__— 
Address 


ANUNUNNN: KVTZZ 
eM RAL 7 


————————-tacs 
¢——————- tcLz ——————> 


ba 
ont RK vt KX) 


@ Read Cycle (2)°'"2:"4 


Address 





tou 
: {Data Valid OX 
Dout 
| Data Valid K 


@ Read Cycle (3)°'"?"4 


CS 






tacs 

tcLz 

Dout 
High impedance 


Data Valid 


Notes) *1. WE isHigh forReadCycle. —__ 
*2. Device is continuously selected, CS=Vjz. 


*3. Address Valid prior to or coincident with CS transition Low. 
*4. OE=Vi. 
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HM67 16, HM6719 Series 


® Write Cycle (1) 


Address 





Dout 


Din 





® Write Cycle (2)°° 





: ey NIYNVAALZAZ NZ 
Din : Data Valid Dy STO G 


Notes) *1. A write occurs during the overlap (twp) of a low CS and low WE. 

*2_ twR is measured from the earlier of CS or WE going high to the end 
of write cycle. 

*3. During this period, !/O pins.are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

*4_ If the CS lowtransition occurs simultaneously with the WE low tran- 
sitions or after the WE transition, output remain in a high impedance 
state. ___ 

*5. OE is continuously low. (OE=Vy; ). 

*G§,. Dout is the same phase of write data of this write cycle. 

*7, Dout is the read data of next address. 

*8. If CS is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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HM6G16G8SH Series ——- 


4096-word x 4-bit High Speed CMOS Static RAM 


MFEATURES 
@ High Speed: Fast Access Time 45/55/70 ns (max.) 
@ Single +5V Supply and High Density 20 Pin Package 
@ Low Power Standby: 100uW typ, 5uW typ. (L-version) 
Active: 200mW typ. 
@ Completely Static Memory 
No Clock or Timing Strobe Required 
@ Equal Access and Cycle Times 
Directly TTL Compatible — All Inputs and Outputs 
@ Capability of Battery Back Up Operation (L-version) 


HEORDERING INFORMATION 


Access Time 









Package 










HM6168HP-45 45ns 
HM6168HP-55 55ns 
HM6168HP-70 70ns 300mil 20pin 
HM6I168HLP-45 45ns Plastic DIP 


HM6I168HLP-55 
HM6I68HLP-70 


55ns 


MIFUNCTIONAL BLOCK DIAGRAM 


Ao > See 

Ai P= 

A:0 > wee © Vec 
Row Memory Array 

Asc D> saan eon 128 x 128 o Ves 

Aso > cas 

As >. emaE 





Column 1/0 


Column Decoder 
Oe ae 
(SS 2S £28 “ZS Qs 













Data 
Control 





@ HITACHI 


Maintenance Only 
(Substitute HM6268P) 


(‘DP 20N: 





MPIN ARRANGEMENT 





(Top View) 
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HM6168H Series 





MABSOLUTE MAXIMUM RATINGS 


Item Symbol Rating Unit 


Voltage on Any Pin Relative to Vss Vr —0.5*! to +7.0 Vv 








Power Dissipation 1.0 


Py 
Operating Temperature 0 to +70 


Storage Temperature (Plastic) Tst5 -55 to +125 
Storage Temperature under Bias TG —10 to +85 


Note) #1. 3.5V for pulse widths 20ns. 





Al|A|a ,= 


® TRUTH TABLE 


= RECOMMENDED DC OPERATING CONDITIONS (7a=0 to + 70°C) 







Supply Voltage 






Input Voltage 


Note) *1. —3.0V for pulse width S 20ns 


= DC AND OPERATING CHARACTERISTICS (Voc = 5V +10%, Vss = OV, T, =0 to a 


Input Leakage Current Tp | Voc=5.5V, Vin= Vss to Veco BA 
Output Leakage Current Ino! | CS=Vyz,5y, Vyo=Vgss to Vcc pA 


Operating Power Supply Current Ioc CS=Vyz, 11/9 =0mA_ 
Standby Power Supply Current Isp CS= Vi 
Standby Power Supply Current(1) Isp1 | CS=Voc—0.2V, Vin $0.2V or VinZ2 Veco —0.2 


Notes) *1. Typical limits are at Veco = 5.0V, Ta = 25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 


— 
wa 
aa) 
o;un 
3 
> 


S 
So 
NS 


* 


— 
* 
N 
1S) 
So 
i>) 
= 
> 


N 
> 


<|< 


@ CAPACITANCE (7a =25°C, f=1MHz) 


Note: This parameters are sampled and not 100% tested. 











Input Capacitance 





Input/Output Capacitance 
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HM6168H Series 


@ AC CHARACTERISTICS (Vcc=5V 10%, Ta=0 to + 70°C, unless otherwise noted.) 
@ AC TEST CONDITION 


Input pulse levels; Vsg to 3.0V 

input rise and fall times: 5ns 

Input and Output timing reference levels: 1.5V 
Output load: See Figure 


SV 5\V 


480Q 480Q 
Dout Dout 
2552 30pF* 255Q SpF° 


Output Load (A) Output Load (B) 
* Including scope and jig. (for tz77, tz, twz, tow) 


@® READ CYCLE 


HM6168H-45 HM6168H-55 « HM6168H-70 [ 
nit 


Item 
Address Access Time tAA PF - [| 45 | - | 55 [ - | 70 | ns 
Output Hold from Address Change ton Lo ee ed as eae ns 
Chip Selection to Output in Low zl Eee ns 
Chip Deselection to Output in High z*! lituz | oO | 20 | oO | 2 | O | 2 | ns 
Chip Selection to Power Up Time tpu | o | - | o | - | o | - | ns 
Chip Deselection to Power Down Time tpp | —- | 30 {| - | 30 | - | 30 | ns 


Note) *1. Transition is measured +500mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 


@ TIMING WAVEFORM OF READ CYCLE NO. 1"): (2) 


tac 





Address 


Dout 
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HM6168H Series 


@ TIMING WAVEFORM OF READ CYCLE NO. 2”): (3) 


Dout High Impedance 


teu 


Vcc supply 
current 





Notes) 1. WE is High for Read Cycle. _ 
2. Device is continuously selected, CS=V7,. 
3. Address Valid prior to or coincident with CS transition Low. 


@® WRITE CYCLE 


HM6168H-45 HM6168H-55 HM6168H-70 
Item Symbol Unit 


ree ee | min | | min | max | min | max | 
Chip Selection to End of Write tow | 40 | - | so | - | 6 | - | ns 
Address Valid to End of Write taw | 40 | - | so [ - | 6 | - | ns 
Write Pe Wie we | 3s | - [as | - [ss] - |e 
Write Recovery Time twrR py bot ge a ns 
Data Valid to End of Write tpew | 2 | - | 2 | - | 30 | - | as 
Write Enabled to Output in High Z*! ltwz | 0 | 15 | oO | 2 | oO | 25 | ns 
Output Active from End of Write"! ltow | o | - { o [ - | 0 | = | ns 


Note) *1. Transition is measured +500mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 


Address 







«a NYS PEE GD OGG: 


tan 


lwp’ 
WE KAS 
5) 
ton 
ae OK OKO 
a) (5: a] 
iz tow ton 
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HM6168H Series 
ee TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 


Address ee an ae 


twa (2) 


WE \\AAAANSS AALS SALTS 


tow 
| 
om OOOOOOOOOK OK XOXOOK OX, 


High Impedance : 
Dout 


. A write occurs during the overlap of a low CS and a low WE, (twp) 

. twr is measured from the earlier of CS or WE going high to the end of write cycle. 

. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must 
not be applied. _ ee 

If the CS low transition occurs simultaneously with the WE transition or after the WE transition, the output buffers 
remain in a high impedance state. 

. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to 

the outputs must not be applied to them. 

. Dout is the same phase of Write data of this write cycle, if twr is long enough. 


Notes) 


RH nA F&F WH 


MLOW Vc DATA RETENTION CHARACTERISTICS (0°C S TaS70C ) 


This characteristics is guaranteed only for L-version. 


Vec for Data: Retention Vor | 20 | -— | — | V 


CS2 Vec—0.2V 30 *2 
Data Retention Current Iccor 90 *3 BA 
Vi.2 Vec—0.2V or 


Chip Deselect to Data Retention Time tcor OVS V.S0.2V Foo | = fo | ns 


Operation Recovery Time 


Notes) * 1. érc= Read Cycle Time. 
#2. Vec=3.0V 
#3. Veo =2.0V 


@LOW V.c DATA RETENTION WAVEFORM 


DATA RETENTION MODE 


S2Vcc-02V 
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HM6168H Series 


SUPPLY CURRENT VS. 
SUPPLY CURRENT VS. SUPPLY VOLTAGE AMBIENT TEMPERATURE 


a 
— 


/ a 
) 20 40 ) x 


( Hu) ) 









Sappiv Carrent foo Normalized 
Supply Current foc | Normalized 








Supply Vetnage Ver V Ambient ‘Femperature Ta Cs 
ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. LOAD CAPACITANCE 
1x 
Lt 
$ f 10 
1.4 
iad PO 300 1K) 300 
Supply Voltage Vee Ve Load Capacitance (1 pk 


ACCESS TIME VS. AMBIENT TEMPERATURE SUPPLY CURRENT VS. FREQUENCY 


?O) ton nt a) Wooo 


Suppl Current lee Normalized: 


Access Time taa, tacs (Normalized: 
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HM6168H Series 


INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 


Input Low Voltage Viz ‘Normalized + 
Input High Voltage Vie ©Normalized ! 





Supply Voltage Veo oV) Supply Voltage Vee OV 


OUTPUT CURRENT VS. OUTPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT VOLTAGE 


Output Current Jow | Normalived! 
Output Current lon ‘Normalized : 





Output Voltage Vor (Vi) Ourput Voltage Vor (V) 


STANDBY CURRENT VS. 
AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE 


Standby Current. [say (Normalized) 


Standby Current {sai 6A?) 





Ambient Temperature Ta (CC) Supply Voltage Vee (V) 
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HMG6G268P Series 


4096-word x 4-bit High Speed CMOS Static RAM 


aFEATURES 

@ Single 5V Supply and High Density 20 Pin Package. 

@ High Speed: Fast Access Time 25/35ns (max.) 

@ Low Power Standby: 100uW typ, 5uW typ (L-version) 

Active: 250mW typ. 

@ Completely Static Memory: No Clock or Timing 
Strobe Required 

@ Equal Access and Cycle Times 

Directly TTL Compatible — All Inouts and Outputs 

@ Capability of Battery Back Up Operation (L-version) 


MIORDERING INFORMATION 


25ns 
35ns 
25ns 
35ns 










Package 












HM6268P-25 
HM6268P-35 


HM6268LP-25 
HM6268LP-35 


300mil 20pin 
Plastic DIP 





IBLOCK DIAGRAM 











—_——~ Vec 


Memory Array 
64 Rows 
256 Columns 


—— Vss 






Row Decoder 







Column 1/0 
Column Decoder 






Input Data 
Control 


Mi ABSOLUTE MAXIMUM RATINGS 


Item Symbol Rating Unit 


Voltage on Any Pin Relative to Vss Vin =f 0.5"! to +7.0 V 





Power Dissipation 1.0 W 
Operating Temperature 0 to +70 C 
Storage Temperature Cc 
Temperature under Bias —10 to +85 Cc 
Note) * 1. —3.5V for pulse width= 10ns. 
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a 


(DP-20N) 





MIPIN ARRANGEMENT 





(Top View) 
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HM6268 Series 


TRUTH TABLE 


MRECOMMENDED OPERATING CONDITIONS ( 7a=0 to +707 ) 






Parameter 







Supply Voltage 


Input High (logic 1) Voltage 






Input Low (logic 0) Voltage 





Note) * 1.—3.0V for pulse widths 10ns. 


MEDC AND OPERATING CHARACTERISTICS ( Vcc=5V+10%, Vss=0V, Ta=0 to +70 ) 








Parameter Test Condition max | Unit 

Input Leakage Current Vec=5.5V, Vin= Vss to Vcc ae home te el uA 
Operating Power Supply Current pre fe CS= Vin, 1/o=0mA | - | 50] 90 | mA 
Standby Power Supply Current CS= Vin =| a6 | 28 | mA 
mA 


CS2 Vec—0.2V, VinS0.2V or Vin2 Vec—0.2V 


Standby Power Supply Current (1) Tspi 





uA 





Output Low Voltage ToL =8mA 
Output High Voltage Tou= —4.0mA V 





NS 
cw 
—y 
nw 
on 
os con) 
* 
we 
< 


Notes) * 1. Typical limits are at Vec=5.0V, Ta= +25°C and specified loading. 
* 2. his characteristics is guaranteed only for L-version. 


MICAPACITANCE ( 7a=25°C, f=1.0MHz) 
Symbol 











Test Conditions 


V1/o=0V 


MIAC CHARACTERISTICS ( Vcc=5V 410%, Ta=0 to +70°, unless otherwise noted. ) 

@ AC Test Conditions Input and Output timing reference levels: 1.5V 
Input pulse levels: Vss to 3.0V Output load: See Figure 
Input rise and fall times: 5ns 


-_ 


Parameter n 





Input Capacitance 


pe) 
* 





© 
= 





C1/o 


Note: This parameter is sampled and not 100% tested. 





Input/Output Capacitance 


Output Load (B) 


Output Load (A) (for tHZ, tLz, twz & tow) 
5V 5V 
480Q 480Q 
Dout Dout 


* Including scope and jig. 
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HM6268 Series 





@® READ CYCLE 

[nea [ees | 

Parameter Symbol [ain | max [amin | max | Unit 

Address Access Time en aes Se a ns 
Chip Select Access Time | tas | - | 2 | - [| 3 | ns 
Output Hold from Address Change ton | 6 | = | 6 | = | ns 
Chip Selection to Output in Low Z tiz*! | wo | - {| wo | - | ns 
Chip Deselection to Output in High Z mz" | o | 1 { 0 | 2 | os 
Chip Selection to Power Up Time tpu a a ae ns 
Chip Deselection to Power Down Time tpp | - | 23 | - | 3 | ns 


Note) * 1. Transition is measured + 200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 


1 (1),(2) 


@ Timing Waveform of Read Cycle No. 


{RC 
KK) 












Address 


Dout 





@ Timing Waveform of Read Cycle No, 2!).3) 


cs tre 


Taste —KAXKKY ee 


XX) 


Dout High Impedance 





teu 


Vcc Suppiy Icec 


Current 


Isp 


Notes: 1. WEisHighforReadCycle. 
2. Device is.continuously selected, CS=Vyy. _ 
3. Address Valid prior to or coincident with CS transition Low. 


HM6268-25 HM6268-35 
Unit 


@® WRITE CYCLE 


Chip Selection to End of Write | tw | 2 | - | 39 | - | ns 
Address Valid to End of Write | tw =| 2 | - | 3 | - | os 
Address Setup Time jou | oo | - [| o | - | ns 
Write Pulse Width we | 2 | - | 3 | - | os 
Write Recovery Time twR | o {[ - | «© | = | ns 
Data Valid to End of Write tow fF ow | - | wo | - | ns 
Data Hold Time tbH fF oo | - [| o f| - | ns 
Write Enabled to Output in High Z twz*} a a ns 
Output Active from End of Write tow*! Foo | = [| o | - | ns 


Note)* 1. Transition is measured +200mV from steady state voltage with Load (B). 


This parameter is sampled and not 100% tested. 
© HITACHI 
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HM6268 Series 


© Timing Waveform of Write Cycle No. 1 (WE Controlled) 


twe 





Address 


. we 7 LLLIVLLILLLL 
_— —— 


Din OM aa Data in Valid 





ica) 






Dout EP AA ALL LS Cf fifo High Impedance 
EERE S RSE eee ce, YALA 


@ Timing Waveform of Write Cycle No. 2 (CS Controlled) 





Address 





"CA TTT. 
XKAKXKAXXXKXD <a KKK 


Dout High Impedance (4) 


4 
5 


Notes: 1. A write occurs during the overlap of a low CS and a low WE. (twp). 

twR is measured from the earlier of CS or WE going high to the end of write cycle. 

During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 

must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to 
the outputs must not be applied to them. 

6. Dout is the same phase of write data of this write cycle, if twp is long enough. 


pe ak 


© HITACHI 
100 Hitachi America Ltd. ¢ 2210 O’Toole Ave. « San Jose, CA 95131 © (408) 435-8300 


HM6268 Series 





MLOW V.c DATA RETENTION CHARACTERISTICS (00°C $7TaS70C ) 


This characteristice is guaranteed only for L-version. 


Vor 


Vcc for Data Retention eS eae 
CS2 Vec—0.2V 30 *2 
Data Retention Current Tccor 20 *3 KA 





Chip Deselect to Data Retention Time tcor OVS V.50.2V 
Operation Recovery Time tac *1 ns 
Notes) * 1. fac™Read Cycle Time. *2. Veco =3.0V 

«3. Veo=2.0V 


@LOW Vic DATA RETENTION WAVEFORM 


DATA RETENTION MODE 


CS2 V0 -02V 
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HM6268 Series 


SUPPLY CURRENT VS. SUPPLY SUPPLY CURRENT VS. AMBIENT 
VOLTAGE TEMPERATURE 


Supply Current Icc (Normalized ) 
Supply Current Ic¢c (Normalized ) 





Supply Voltage Vec (V) Ambient Temperatare Ta (°C) 
ACCESS TIME VS. SUPPLY ACCESS TIME VS. LOAD 
VOLTAGE CAPACITANCE 


Access Time ts, tacs (Normalized ) 
Access Time taa, acs (Normalized ) 





Supply Voltage Vcc (V) | Load Capacitance C, (pF) 
ACCESS TIME VS. SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE FREQUENCY 


Access Time ta, tacs (Normalized ) 
Supply Current Icc (Normalized ) 





Ambient Temperature Ta (°C) Frequency f (MHz) 


HITACHI 
102 Hitachi America Ltd. © 2210 O’Toole Ave. « San Jose, CA 95131 © (408) 435-8300 





HM6268 Series 


INPUT LOW VOLTAGE VS. SUPPLY INPUT HIGH VOLTAGE VS. SUPPLY 
VOLTAGE VOLTAGE 


Low Input Voltage V;, {Normalized ) 
High Input Voltage Viz (Normalized ) 





Supply Voltage Voc (V) Supply Voltage Vcc (V) 


OUTPUT CURRENT VS. OUTPUT OUTPUT CURRENT VS. OUTPUT 
VOLTAGE VOLTAGE 


Output Current Io, (Normalized ) 
Output Voltage Io, (Normalized ) 





Output Voltage Voy (V) Output Voltage Vo, (V) 


STANDBY CURRENT VS. AMBIENT STANDBY CURRENT VS. SUPPLY 
TEMPERATURE VOLTAGE 


10°* 





z z 

Saar 7 

= ~ 

5 2 

ms 55 

3 5 

gs 10% oO 

n > 
8 Ta =25°C 
§ CS = Voc —0.2V 
Nn 

107¢ 
Ambient Temperature Ta (°C) Supply Voltage Voc (V) 
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HNM616'7 Series ———__ Maintenance Only 


(Substitute HM6267P) 
16384-word x 1-bit High Speed CMOS Static RAM 


MFEATURES 
@ Single +5V Supply and High Density 20 Pin Package 
@ Fast Access Time — 85ns/100ns 
e@ Low Power Stand-by and Low Power Operation 
Stand-by 100uW typ./5uW typ. (L-version) 
and Operating 150mW typ. 





e@ Completely Static Memory ..... No Clock nor Refresh Required 
@ Fully TTL Compatible — All Inputs and Output 
@ Separate Data Input and Output......... Three State Output 


@ Pin-Out Compatible with Intel 2167 Series 
@ Capability of Battery Back Up Operation (L-version) 
DP 20N 


MIORDERING INFORMATION 


85ns 

100ns 

85ns 

100ns 


MBLOCK DIAGRAM 





MIPIN ARRANGEMENT 












Package 


HM6167P-6 
HM6167P-8 


HM6167LP-6 
HM6167LP-8 


300mil 20pin 
Plastic DIP 











Ao Pa 
2 Vcc 

Al Pu 7 
——— Ves 

Az Pu 

Row Memory Array 

A pS] Decoder 128 X 128 

Aa Pu 

Az Pu 

Ais Pu 

Din 





SS Colum 
(Top View) 
| Column Decoder Decoder 


MABSOLUTE MAXIMUM RATINGS 


Terminal Voltage with Respect to Vis | Vr | -0.5"'to +7.0 | V 
Power Dissipation on ees W 
Operating Temperature | Tor =| Oto +70 | “C 
ca < 

C 





Storage Temperature —55 to +125 
Storage Temperature under bias —-10 to +85 


Note) *1. —3.5V for pulse widthS20ns. 
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HM6167 Series 





MRECOMMENDED DC OPERATING CONDITIONS 
(0°C S$ Tas70C) 


Vee | 45] 5.0 | 5.5 | 
Supply Voltage coke 
Input High Voltage Vin | 22] — | 6.0 | V 
Input Low Voltage Vit 0.3") — | 0.8 | V 


Note) * 1. --3.0V for pulse width S$ 20ns. 


MTRUTH TABLE 


WE Output Pin Reference Cycle 
Read Dout Read Cycle 1, 2 
Tec 


L Write High Z Write Cycle 1, 2 


eae 





MOC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, Ta=0T to +70T) 





Output Leakage Current GSH Ving Vaur=0V~ Vic fF — | -— [| 2 | uA 
a 

Standby Power Supply Current CS =Vec—0.2V | = | 0.02 [2 | mA 
eT Ney gaye Wey Oae es We uA 


Notes) * 1. Typical limits are at Vec=5.0V, Ta=25°C and specified loading. 
%* 2. This characteristics is guaranteed only for L-version. 


MCAPACITANCE (Ta=25C, f=1.0MHz) 







Input Capacitance 





Output Capacitance 


Note) This parameter is sampled and not 100% tested. 


MBAC CHARACTERISTICS ( Vec=5V+10%, Ta=0 to +70°C, unless otherwise noted) 
@AC TEST CONDITIONS | 


Output Load A Output Load B 
Input pulse levels: Vss to 3.0V +5V (for tuz, tiz, twz & tow) 
Input rise and fall times: 5 ns +5V 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V a 4809 
Output load: See Figure cout 

255Q 30pF* Dout 
2552 as 


* Including scope and jig. 
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HM6167 Series 


@READ CYCLE 





som HM6167-6 HM6167-8 | 
Item Symbol Unit 
Read Cycle Time re ee ee 
Address Access Time taa- ee ee ee 100 ns 
Chip Select Access Time Vee =). eo ae z 
Output Hold from Address Change ftom Ben de “ee. ie oe he ns 
Chip Selection to Output in Low Z tiz a rae ae eae ns 
Chip Deselection to Output in High Z tuz ns 
Chip Selection to Power Up Time pee Oe ee = ns 
Chip Deselection to Power Down Time ie ee ee ee ee 45 ns 
@WRITE CYCLE 
som HM6167-6 HM6167-8 
Item Symbol Unit Notes 
min max min max 

Write Cycle Time twc | 3 of - 100 a ea 2 
Chip Selection to End of Write tow | 6 | - | wo | - | om | 
Address Valid to End of Write a a ae oe a 
Data Valid to End of Write tw | 3 | - | #0 | - | os | 
Write Enable to Output in High Z | tw | o | 4 | 0 | 4 | ns | 3, 4 
Output Active from End of Write tow ee ee ae | 3, 4 
Notes) 1. If CS goes high simultaneouly with-WE high, the output remains in a high impedance state. 


1. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 


® TIMING WAVEFORM OF READ CYCLE NO.1?’ 


tac 


Address 


Deta Our Previous Data Valid Data Valid 
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HM6167 Series 


@ TIMING WAVEFORM OF READ CYCLE NO.2?”?) 






High lwpedance 
Data Ou 


Vee Supply 


Current 





NOTES: 1. WE is high and CS is low for READ cycle. 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured +500mV from steady state voltage with 
specified loading in Load B. 


@ TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 


Ss SE ¥2'7: 


a mS 


—] 


Data Out Data Undefined 
High lapedance 


@ TIMING WAVEFORM OF WRITE CYCLE No. 2 (CS Controlled) 


twe 


Rte eemees 


tue 


Se 
Lo eee 


ton 





Address 











Data In Valid 


Deta In A 





fez 


Data Out 
Data Undefined High Impedance 
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HM6167 Series 


MLOW Vic DATA RETENTION CHARACTERISTICS (Ta=0°C to+70°C) 


This characteristics is guaranteed only for L-version. 


| CS2 Vec—0.2V po | 


KA 
C= [= 






Data Retention Current Tccor 
Vi.2 Vec—0.2V or 


Chip Deselect to Data Retention Time OVS V.50.2V 


Operation Recovery Time Ste 


Notes) *1. tac™Read Cycle Time *2. Vec=2.0V 
| #3. Veom3.0V 


ns 


@LOW Vic DATA RETENTION WAVEFORM 


Data Retention Mode 





CS 2 Vecr-0.2V 


SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 


Supply Current Icc (Normalized) 
Supply Current Icc (Normalized) 





Supply Voltage Voc (V) Ambient Temperature Ta (‘C) 
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ACCESS TIME vs. 
SUPPLY VOLTAGE 


Access Time taa,tacs (Normalized) 


Supply Voltage Vcc (V) 


ACCESS TIME vs. 
LOAD CAPACITANCE 


Access Time taa,tacs (Normalized) 


Load Capacitance CG (pF) 


INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 


Input Low Voltage Vie (Normalized) 


Supply Voltage Vcc (V) 














Access Time taa,tucs (Normalized) 


Supply Current Iccz (Normalized) 


Input High Voltage Vin (Normalized) 


© HITACHI 


ACCESS TIME vs. 
AMBIENT TEMPERATURE 


_ a 
a 
Los deel 
= 
Lan! 





x 


: ine 
: nie 
0 40 6 
Ambient Temperature Ta (°C) 


0.7 


0 80 


0 2 


SUPPLY CURRENT vs. 
FREQUENCY 





Frequency { (MHz) 


INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 


Supply Voltage Vec (V) 
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HM6167 Series 
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HM6167 Series 


OUTPUT HIGH CURRENT vs. OUTPUT LOW CURRENT vs. 
OUTPUT HIGH VOLTAGE OUTPUT LOW VOLTAGE 


Output High Current low (Normalized) 
Output Low Current [6: (Normalized) 





Output High Voltage Vow (V) Output Low Voltage Vo. (V) 
STANDBY CURRENT vs. STANDBY CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


fa=250 


CS= bee - 0.2 


Standby Cvrrent Isa: (A) 
Standby Current Isa: (Normalized) 





Ambient Temperature Ta (‘C) Supply Voltage Vec (V) 


STANDBY CURRENT vs. 
INPUT VOLTAGE 


Standby Current Isai (Normalized) 





Input Voltage Ve (V) 
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HM6167H Series 


16384-word x 1-bit High Speed CMOS Static RAM 
# FEATURES 
@ Fast Access Time........... 55/70ns (max) 
@ low Power Standby and Low Power Operation 

Standby 100uW (typ)/S5uW (typ) (L-version), 

Operating 200mW (typ) 
Single +5V Supply and High Density 20 Pin Package 
Completely Static Memory . . . .No Clock nor Refresh Required 
Fully TTL Compatible....... All Inputs and Output 
Separate Data Input and Output......... Three State Output 
Capability of Battery Back Up Operation (L-version) 


m ORDERING INFORMATION 


Access Time 











Type No. Package 


HM6167HP-55 
HM6167HP-70 


HM6167HLP-55 
HM6167HLP-70 





300 mil 20 pin 
plastic DIP 








= BLOCK DIAGRAM 


Av ea 
we: Vee 
. >= a— Vss 
Aa >a 
Row Memory Array 
As Pa Decoder 128 X 128 
AM Pu 
A Pu 
Ain 3 
ao 
Si ods NANAAAAR 
ra 


-E 


® ABSOLUTE MAXIMUM RATINGS 


Item Symbol| Rating | Unit 

Terminal Voltage with respect to Vos V 
Power Dissipation eet W 
c 

i 
is 


Je 
- 
° 
a 
eo 
a 
4 
ee 
>» 
s 
=> 


Operating Temperature 
Storage Temperature 
Storage Temperature under bias 
Note) *1. -3.5V for pulse width S 20ns 


€ HITACHI 


Maintenance Only 
(Substitute HM6267P) 





= PIN ARRANGEMENT 





‘(Top View) 
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HM6167H Series 


= RECOMMENDED DC OPERATING CONDITIONS (7, = 0 to +70°C) 


Vss_ | 0 












Supply Voltage 


Input Voltage 


Note) *1. -3.0V for pulse width S 20ns 


® TRUTH TABLE | 


MOC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, Ta=0T to +70T) 


ee 
mi max | min p*!| max 

iotiaian ime | Wat [area | -- | #]-]-] afm 
Output Leakage Current \Ito| | CS= Vin, Vour=Vss to Vec fF - | - | 2} -f- | 2) vA 
_Operating Power Supply Current CS= Viz, Output Open | - | 4] so | - | 30] 60 mA 
r= Ve =o = son 
Standby Power Supply Current CS2 Vec—0.2V 0.02 (seep ee | 0.02 mA 
VinS02V or Viz Vec—02v | — | in| som] — | i] 50%] aA 

SupsiowVaings i Ya etn = P= fe |= fo] 


Notes) *1. Typical limits are at Vec=5.0V, Ta=25°C and specified loading. 
* 2. This characteristics is guaranteed only for L-version. 


MICAPACITANCE (Ta=25C, f=1.0MHz) 






Conditions 










Input Capacitance 


Output Capacitance 


Note) This parameter is sampled and not 100% tested. 


m AC CHARACTERISTICS (Vcc = 5V +10%, Ta = 0 to +70°C, unless otherwise noted) 
AC TEST CONDITIONS 


Output Load A Output Load B 
Input pulse levels: Vss to 3.0V +5V (for twz, tiz, twz & tow) 
Input rise and fail times: 5 ns +5V 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V bias '} 4800 
Output load: See Figure Dout 7 
255 30pF° . 
2550 sd 
@ Including scope and jig. ' @ Including scope and jig. 
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HM6167H Series 


@READ CYCLE 


Read Cycle Time (Re 5 P| 70 (1) 


Address Access Time tadA 


Chip Select Access Time 


. HM6167H-55 HM6167H-70 an ae: 
em ymodo ni 
pmin max | min | max 

ees 

oo 
Output Hold from Address Change tOH a eae 5 
ae 
po 
a 


Chip Selection to Output in Low Z tLz (2) (3) (7) 


Chip Deselection to Output in High Z 


Chip Selection to Power Up Time (PU 


Se an CT 
eed peed 
al 


Notes) 1. All Read Cycle timing are referenced from last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, t;;z max. is less than f; 7 min. both for a given device and 
from device to device. 
Transition is measured +500mV from steady state voltage with specified loading in Load B. 
WE is High for READ cycle. . 
Device is continuously selected, CS=V,,;. 
Addresses valid prior to or coincident with CS transition low. 
This parameter is sampled and not 100% tested. 


Chip Deselection to Power Down Time (PD 


NDA Pw 


@ TIMING WAVEFORM OF READ CYCLE NO.1”): 5) 
tre 


Address 
taA 










{OH 


i Dat 
Data Out et a se 






Data Valid 






| 
@ TIMING WAVEFORM OF READ CYCLE NO.2 4); §) 


CS 


Data Out 


Voc Supply 
Current 
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HM6167H Series 


e WRITE CYCLE 
- | soma | anos | -HM6167H-70 Soe 
| min | max min | max 

: Address Valid to End of Write _ | taw | SO a ns 
Write Pe Wi we os ee oe 
Wits Recovery Tine SS CAB 

Daa Hold Tine a ST OG 

Output Active from End of Write | tow | 0 | - | oo | - | as | (3) (4) 


Notes) 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 
2. All write cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +SOOmV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 


@ TIMING WAVEFORM OF WRITE CYCLE (WE Controlled) 


twe 
s WW” Wy 
fas taAW twp twR 


WE K\\ d tpH 
Dati { [Dat in vais |) 
WZ 


low 


Data Out Data Undefined High Impedance 


@ TIMING WAVEFORM OF WRITE CYCLE (CS Controlled) 
twe 


——— 
ee ae 
we LLL ITTY 
rei | 
idte anv 


twz 


Data Out Data Undefined 


High Impedance 
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HM6167H Series 


MLOW Vcc DATA RETENTION CHARACTERISTEKS (7a=0°C to +70°C) 


This characteristics is guaranteed only for L-version. 


Vec for Data Retention P80. eee | 
LS ie 
Ee ee 
see 








Data Retention Current Iccor 
Vz Vec—0.2V or 30 *3 
Chip Deselect to Data Retention Time OVsV.350.2V ee ns 
Operation Recovery Time ote | tre *! aS ns 
Notes) * 1. tac Read Cycle Time #2, Veco=2.0V 
*3. Veo=3.0V 


@LOW Vic DATA RETENTION WAVEFORM 


Data Retention Mode 





—_ we eee ee ee eee ae eee eee mee eee we — me me ee ee ee oe 


— ee ee ee ee — oe ee ee we —e eee wee ee eee eee eee — a ioe oe —VwKSe oe woe 


-—-—— ee ——— 


CS > Vee -0.2V 


CS 
ON aiees Sooke Sole es eek se Se ee esas 

SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Supply Current Icc (Normalized) 


Supply Current Icc (Normalized) 





Sapply Voltage Yeo (V) Ambient Temperature Ta (°C) 
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HM6167H Series 


Access Time taa,tacs (Normalized) 


Access Time taa,tacs (Normalized) 


Input Low Voltage Viz (Normalized) 


116 


ACCESS TIME vs. 
SUPPLY VOLTAGE 





Supply Voltage Vec (V) 


ACCESS TIME vs. 
LOAD CAPACITANCE 





Load Capacitance Cr (pF) 


INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 





Supply Voltage Vcc (V) 


Input High Voltage Vin (Normalized) 


Access Time taa,tacs (Normalized) 


Supply Current Icc (Normalized) 


© HITACHI 





“ACCESS TIME vs. 
AMBIENT TEMPERATURE 






Ambient Temperature Ta (‘C) 


SUPPLY CURRENT vs. 
FREQUENCY 


Cycle Time (ns) 





Frequency f (MHz) 


INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 





Supply Voltage Vcc (V) 
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Output High Current ‘aq (Normalized) 


Standby Current /sai (A) 








Standby Current Isa; (Normalized) 


HM6167H Series 


OUTPUT CURRENT vs. OUTPUT CURRENT vs. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


Output Low Current Jag (Normalized) 





Output High Voltage Vow (V) Output Low Voltage Vor (V) 
STANDBY CURRENT vs. STANDBY CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


Standby Current Jsgi (Normalized) 





Supply Voltage Vcc (V) 


Ambient Temperature Ta (‘C) 


STANDBY CURRENT vs. 
INPUT VOLTAGE 





Input Voltage Vea (V) 
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HMG267 Series 


16384-word x 1-bit High Speed CMOS Static RAM 


m@ FEATURES HM6267P Series 
® High Speed: Fast Access Time 35/45 ns (max.) 
@ Low Power Standby and Low Power Operation 
Standby: 0.1mW (typ.)/5uW (typ.) (L- version), 
Operation: 200mW (typ.) 
Single 5V Supply and High Density 20 Pin Package 
Completely Static Memory ...... No Clock or Timing Strobe 
Required 
Equal Access and Cycle Time (DP-20N) 
Directly TTL Compatible: All Input and Output 
Capability of Battery Back Up Operation (L-version) 





ORDERING INFORMATION 
Type No. 


HM6267P-35 
HM6267P-45 


HM6267LP-35 
HM6267LP-45 








Access Time 


35ns 
45ns 


35ns 
45ns 


Package 


300 mil 20 pin 
Plastic DIP 


es PIN ARRANGEMENT 
@ HM6267P Series 


= BLOCK DIAGRAM 


Ao Pa 
———— Voc 
A Pu So 
A2 S_ 
Row Memory Array 
A3 Pa Decoder 128 X 128 
Ne Pu 
Aya Pu 
Als Pu 





Din 





pF Colum tO | ee 0 
<r a 5S 


Ai Ato As An Az Ae As 


a ABSOLUTE MAXIMUM RATINGS 
Voltage on Any Pin*! | Ve | 0.52 to +7.0 | Vv 
- Power Dissipation | Pr | to WwW 
Operating Temperature | Typ | Oto +70 “C 


opr 
St 
eee HM6267P Series -55 to +125 2 
emperature Tstg 
Storage Temperature Under Bias -10 to +85 °C 


Notes: *1. With respect to Vog. 


*2. -3.5V for pulse width < 20ns. © HITACHI 
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HM6267 Series 


@ TRUTH TABLE 


= RECOMMENDED DC OPERATING CONDITIONS (Tz = 0 to +70°C) 







Supply Voltage 


Input Voltage 





Note) *1. ~3.0V for pulse width S 20ns 


™ DC AND OPERATING CHARACTERISTICS (Voc = 5V + 10%, Vg = OV, T; = 0 to +70°C) 


HM6 267-35 HM6267-45 
Item Symbol Test Conditions : Unit 
| typ’!| max 


Input Leakage Current Voc=5.5V, Vin=V gs to Voc} ~ 
Output Leakage Current | ‘CS8=Vi~, VouT=Vss to Vcc a 
Operating Power Supply Current CS=V7z, Output Open | = | 


co 
<i 
SS 
* 
—_ 
3 
te) 
~ 


Isp. 


ec ed ee 
NO} Oo} o;]o|] © 
bo aa, 
N |] © Oo; © 
3 
> 


So} 

dN 
N 3 
> bon) 


Stand by Power Supply Current 


= (© 
e — |) 
ho 








ISB1 1*2 | 50*2 50*2|] uA 

You aoe | joa |v 
One Vt Tot == == 
Notes) *1. Typical limts are at Voc = 5V, Tg = 25°C and specified loading. 

*2. This characteristics is guaranteed only for L-version. 
@ CAPACITANCE (7, = 25°C, f = 1MHz) 
Input Capacitance 
Output Capacitance 
Note) This parameter is sampled and not 100% tested. 
m AC CHARACTERISTICS (Vcc = 5V 410%, T, = 0 to +70°C, unless otherwise noted) 
@ AC TEST CONDITIONS 
Input pulse levels: Vss to 3.0V Output Load A Output Load B 
Input rise and fall times: 5ns +5V (for twz, tiz, twz = tow) 
+ 
Input and Output timing reference levels: 1.5V 
Output load: See Figure 4808 4809 
Dout 
2550 30pF° Dout 
2550 sn” 
* Including scope and jig. * Including scope and jig. 
© HITACHI 
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HM6267 Series 


@ Read Cycle 


Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Output Hold from Address Change 
Chip Selection to Output in Low Z 
Chip Deselection to Output in High Z 
Chip Selection to Power Up Time 


Chip Deselection to Power Down Time 


HM6267-35 HM6267-45 


Item Symbol Unit Notes 


231 
pa 


- 
Q 
nN 


@ TIMING WAVEFORM OF READ CYCLE NO. 1 *? © 


(RC 
Address 


TAA 







tOH 


Previous Data 
Valid 





Data Out Data Valid 


@ TIMING WAVEFORM OF READ CYCLE NO. 2%? ® 


Notes) 1. 


ad 


IAN SW 






TRC 
cs 
; tacs ty7 
LZ 
— High 
Data Out High Impedance eee aa T) igh Impedance 
I 
Vcc Supply Soa ee : 
Current Isp 50% 50% 


All Read Cylce timing are referenced from last valid address to the first transitioning address. 

At any given temperature and voltage condition, f;7z max. is less than f; z min. both for a given device and 
from device to device. 

Transition is measured +500mV from steady state voltage with specified loading in Load B. 

WE is High for READ cycle. 

Device is continuously selected, CS = Vz. 

Addresses valid prior to or coincident with CS transition low. 

This parameter is sampled and not 100% tested. 


@ Write Cycle 


HM6267- HM6267- 
Unit Notes 


- = SSeS 
Chip Selection to End of Write a Oe ee Oe ee | 
Address Valid to End of Write tw | 30 | — | | [ots 

Write Enable to Output in High Z zi aie Sere aes 3,4 
Output Active from End of Write tow Po | | Os 3,4 


120 
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HM6267 Series 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 


ss ames 
s ee ee 


“ ~ 
WE 
Data In % Data In Valid am | ¥ 


Data Out Data Undefined 





High Impedance 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 











twe 
Address 
law 
TAS twR 
cs ‘ow 
lwp 
We \\\\\\AAANS WLLLLLL LLL LL. 
'DH 
Din | K_Datain valid _) 
twz 
High Impedance 
Dow 


Notes) 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 
2. All Write Cycle timings are referenced from the last valid address to the first transitions address. 
3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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HM6267 Series 


MLOW V.c DATA RETENTION CHARACTERISTICS (0° S$ TaS70°C) 


This characteristics is guaranteed only for L-version. 


CS 2 Vec—0.2V 30*2 
Data Retention Current Tccor 20 *3 BA 
V,.2 Vec—0.2V or 
Chip Deselect to Data Retention Time OVS V.S0.2V | oo | = | _ ns 
Notes) * 1. tac™Read Cycle Time. #2. Vec=3.0V 
#3. Vee=2.0V 


@LOW Vic DATA RETENTION WAVEFORM 


DATA RETENTION MODE 





SUPPLY CURRENT VS. SUPPLY VOLTAGE SUPPLY CURRENT VS. AMBIENT TEMPERATURE 


Supply Current Icc (Normalized) 
Supply Current Icc (Normalized) 





Supply Voltage Vee (V) Ambient Temperature Ta (‘C ) 
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HM6267 Series 


ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE 


Ta =25C 





Access Time taa, tacs (Normalized) 
Access Time taa. tacs {Normalized} 





Supply Voltage Veo (V) Ambient Temperature Ta (C) 
ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY 
T (ns) 
1.8 . 
1.6 
i 2 
Z 1.0 2 
0.8 
0.6 J 
100 200 300 1X) 500 





Load Capacitance Ci ' pF) Frequency f (MHz) 


INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 


Input Low Voltage Viz (Normalized) 
Input High Voltage Vix (Normalized) 





Supply Voltage Vcc (V) Supply Voltage Vcc (V) 
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HM6267 Series 


OUTPUT CURRENT VS. OUTPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT VOLTAGE 


Output Current Jon (Normalized) 
Output Current Jou (Normalized) 





Output Voltage Vow (V) Output Voltage Vor (V} 


STANDBY CURRENT VS. 
AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE 


Standby Current Isa (A) 
Standby Current Isai (Normalized) 





Ambient Temperature Ta (‘C ) Supply Voltage Vcc (V) 
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HIViG2Z264 Series Maintenance Only 





(Substitute HM6264A) 
8192-word x 8-bit High Speed CMOS Static RAM 
= FEATURES HM6 264P Series 
@ Fast access Time 100ns/120ns/150ns (max.) 
@ Low Power Standby Standby: 0.1mW (typ.) 
10uW (typ.) L-/LL-version 

Low Power Operation Operating: 200mMW/MHz (typ.) 
@ Single +5V Supply 
@ Completely Static Memory..... No clock or Timing Strobe Required 
@ Equal Access and Cycle Time 
@ Common Data Input and Output, Three State Output 
® Directly TTL Compatible: All Input and Output 
@ Standard 28pin Package Configuration (DP-28) 
@ Pin Out Compatible with 64K EPROM HN482764 : 
@ Capability Leia Back Up Operation (L-/LL-version) a a 


# ORDERING INFORMATION 

Type No. Access Time Package 
HM6264P-10 
HM6264P-12 
HM6264P-15 


HM6264LP-10 
HM6264LP-12 





600 mil 28 pin (FP-28D/DA) 








HM6264LP-15 Plastic DIP 
es = PIN ARRANGEMENT 
HM6264LP-12L | 
HM6264LP-15L a a ie 
HM6264FP-10 ie 
A 

HM6264FP-12 12 WE 
HM6264FP-15 ee ie 
HM6264LFP-10 

i A 
HM6264LFP-12 as os - A, 
HM6264LFP-15 ae A. ie 
HM6264LFP-10L 
an A, 1 


HM6264LFP-12L 





HM6264LFP-15L A, OE 
Note) A character T is added to the end of type No. for SOP A, A,o 
of 3.00 mm (max.) thickness. ane 
A, CS, 
A, 19} 1/0, 
&® ABSOLUTE MAXIMUM RATINGS 
1/0, 18] 1/0, 
Itern Unit 
Terminal Voltage *1 -0.5°2 to +7.0 Vv 1/0, 1/0, 
Power Disipation ee ie. neo 
Operating Temperature c 
Storage Temperature —55 to +125 C Vss 15] 1/0, 
Storage Temperature Under Bias Toias -10 to +85 °C 


Notes) *1. With respect to Vss (Top View) 


*2. ~3.0V for pulse width S 50ns 


Note) This device is not available for new application. 
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HM6264 Series 





® BLOCK DIAGRAM ra 










Ae —0O Vcc 
= Memory Matrix —o Vss 
Az 256 X 256 
Au 
An 
VO.€ 
VOs @ 
CS: € 
CS: a 
WE 
® TRUTH TABLE OE @ 
WE [CS, [cs, [OF | Mode —*«[ ‘WO Pin Note 
x | H | x | xX | Not Selected 
x (Power Down) - 
H {| L | H | H_ | Output Disabled 
H [LH |. [Red | Dot (| ieclecs 
Os ee ee ee [pin [tec tecx____| Write Cycle () 
as a Din] Icc,Teca___| Write Cycle (2) 
X:HorL 
= RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 to +70°C) 


Supply Voltage 


Input Voltage 





Note) *1. ~-3.0V for pulse width S 50ns 
= DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, Vys = OV, T, = 0 to +70°C) 








item [Symbol [Test Condition _____| min Jiyp"!| max_| Unit 
Input Leakage Current Vin=Vss to Voc aes Wh ee lle 2 BA 
CS1=V 777 or CS2=V7z, or OE=V7z7 or 
Output Leakage Current Vno! a 2 A 
: i WE=Vi, Vijo=Vss to Veco 

Operating Power Supply Current CSI=Vy7zz, CS2=V 74, Ir o=0mA | — | 40 | 80 | mA 
Average Operating Current Min. cycle, duty=100%, I7j9=9mA | — | 60 | 110 | mA 
stat | - [0.02 mA 

Ign] #2 CS12Vcc-0.2V, CS22Vcc-0.2V or ra #3 | 100+3 
CS2$0.2V pA 

Standby Power Supply Current [aces ede | 50*4 
| — |o02} 2 | ma 
Tsp2*2 | CS2$0.2V | — | 293 | 10083 " 


VoL Io, = 2.1mA 
Output Voltage 
P Vou |IoH=-1.0mA 


Notes) *1. Typical limits are at VCC=5.0V, Tqg=25°C and specified loading. 
*2. Vit min=-0.3V 
*3. This characteristics is guaranteed only for L-version. 
*4. This charactoristics is guaranteed only for LL-version. 
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HM6264 Series 





®@ CAPACITANCE (f= 1MHz, 7, = 25°C) 
Symbol | Test Condition 












Item 





Input Capacitance 









Input/Output Capacitance Vijo = OV 


Note) This parameter is sampled and not 100% tested. 
= AC CHARACTERISTICS (Vcc = 5V#10%, Ta = 0 to +70°C) 


e AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 


Input Rise and Fall Times: 10ns 
Input and Output Timing Reference Level: 1.5V 
Output Load: 1TTL Gate and C; (100pF) (including scope and jig) 


®e READ CYCLE 
, iti HM6264-10 HM6264-12 HM6264-15 
tem ymbo Unit 
| min | max [min | max | min | max 








dis Slcziion te Giipa |e ee OO) ee se 
= Cst_ | coz | = | too | - | 120 | - | 150 | as 
Output Enable to Output Valid tOE eee sae | = | 0 | ns 
ve eeu cs2_ fuze | to | - | io | - | is | - | os 
Culput telat cst |tmze | 0 | 35 | oo | 40 | oo | so | ns 
Output Hold from Address Change tOH | 10 | = | 10 _ 15 p= | ns 


Notes) 1. ty,z and toyzzz are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 
2. At any given temperature and voltage condition, t#7z max is less than ty z min both for a given device and from 
device to device. 


e READ CYCLE 


Ye eee cee 





Address 
TAA 


SSANNNNNNNNNNNNANN) so WINALL, 


SA 


ve YL, thze 7 YA NINN 


tHz2 


SANNA aa ITIL. 
oa Oat 0 


Note) 1. WE is high for Read Cycle —ton 
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HM6264 Series 


Data to Write Time Overlap 
Data Hold from Write Time 
OE to Output in High Z tonz 
Output Active from End of Write 


bio = 


we 


50 
50 


e WRITE CYCLE 
‘ 
em ymbo 
ee ete ee ae 
Address Setup Time ‘AS oe oe ee eae 
Wie Pus Wilt os ee 
econ i a WA 
write to Outpotin High Z ce ee 
i ee 
i eee oe 
eo ae eS ee 
oe ee ee ee ee 


5 


° 
= 


e WRITE CYCLE (1) (O€ clock) 





ae aed sani RN 
Bo RAWAM WILLA LIL, 


*6 
Low 


TUL WAAAY 
FAT 


tonz *5 


no §=—<NNNSNNNNSSNSSS 
FILL L LL IAG LL LS. = % 


. Ko KKK 
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Unit 


HM6264 Series 


e WRITE CYCLE (2) (OE Low Fix) 


twe 


Address 


1o 2) 
— 





site entccn sail xc sse cel 
. SSS LATIIZTTZ. 
ES 
Wa Oa, ios ae 


Cc 


MN 
i) 


* 8 


~~ 
° 
= 


Seay ee eNO ON NN {_ N/\/\/ 
CIDA AT PI I TTS \_S/NALS 


tpn ton 


*9 
OX SS 
/\ 


PLLLL/NLS 


Notes) 1. A write occurs during the overlap of a low CSI, a high CS2 and a low 
WE. A write begins at the latest transition among CS1 going low, CS2 
going high and WE going low. A write ends at the earliest transition 
among CS1 going high, CS2 going low and WE going high. twp is 
measured from the beginninng of write to the end of write.. 

2. tcw is measured from the later of CS1 going low or CS2 going high to 
the end of write. 

. tag is measured from the address valid to the beginning of write. 

. twR is measured from the end of write to the address change. 

twrRi applies in case a write ends at CS1 or WE going high. 
twrR2 applies in case a write ends at CS2 going low. 

5. During this period, I/O pins are in the output state, therefore the input 

signals of opposite phase to the outputs must not be applied. 

6. If CS1 goes low simultaneously with WE going low or after WE going 

low, the outputs remain in high impedance state. 

7. Dout is the same phase of the latest written data in this write cycle. 

8. Dout is the read data of next address. 

9. If CS1 is low and CS2 is high during this period, I/O pins are in the 

output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 


& Ww 
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HM6264 Series 


™ LOW Vcc DATA RETENTION CHARACTERISTICS (7, = 0 to +70°C) 
This characteristics is guaranteed only for L/LL-version. 


CS12Vcc -0.2V, CS22Vcc-0.2V or 


V. 
Vcc for Data Retention CS2<0.2V 


a 
| | Voc = 3.0V,CS12 Voc -0.2V 
ICCDRI Sal eS Oe se 
| Data Retention Current TocoRt CS2 2 Vcc -0.2V or CS2 £0.2V 
Vcc = 3.0V, CS2 $ 0.2V 


Chip Deselect to Data Retention tepr 
Time 
Ca See Retention Waveform 








Test Condition Unit 





ro) 
a 
<| < 


- < 
* 
~ Ss 


* 
be 





—" 
* 
Ga 
fon) 
* 


pA 





| eed 
* 
i) 


No 
~N 
* 
x 


ns 


Operation Recovery Time ns 


el Mee 
o| oO 

—" 

* 

wo 

mln 

wmlo 

* 

N 

= 

> 





TRCO* 


Notes) *1. Vyzz min = -0.3V, 20uA max at Tg=0 to 40° C. This characteristics is guaranteed only for L-version. 
*2. Viz min = -0.3V, 10uA max at Tg=0 to 40°C. This characteristics is guaranteed only for LL-version. 
*3. trc = Read Cycle Time 


@ LOW Vcc DATA RETENTION WAVEFORM (1) (CS1 Controlled) 


Retention Mode 
tCDR Data Retent tr 





© LOW Vcc DATA RETENTION WAVEFORM (2) (CS2 Controlled) 


Data Retention Mode 











CS2 ¢0.2V 


NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS1, OF and Din 
buffer. If CS2 controls data retention mode, Vin for these inputs can be in 
the high impedance state. If CS1 controls the data retention mode, CS2 
must satisfy either CS2 > Vcc—0.2V or CS2 < 0.2V. The other input 
levels (address, WE, OE, I/O) can be in the high impedance state. 
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HM6264 Series 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 





Supply Current Icc, I¢c, (Normalized) 





Supply Current Icc, Icc (Normalized) 


Supply Voltage Voc (V) Ambient Temperature T, (C) 


SUPPLY CURRENT vs. FREQUENCY ACCESS TIME vs. LOAD CAPACITANCE 


Ta = 25°C 
Voc =MIN 


Supply Current Icc; (Normalized) 
Access Time taa, tco (Normalized) 





Frequency (MHz) Load Capacitance Cy (pF) 


ACCESS TIME vs. 
ACCESS TIME vs. SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Access Time t4 4, tc¢ (Normalized) 





Access Time t4 4, tco (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature T, (°C) 
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HM6264 Series 


INPUT LOW VOLTAGE vs. INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


Input Low Voltage V77 max (Normalized) 
Input Low Voltage Vz; mj, (Normalized) 





Supply Voltage Voc (V) Supply Voltage Voc (V) 
OUTPUT CURRENT vs. OUTPUT CURRENT vs. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


Output Low Current I9;7, (Normalized) 





Output High Current Igy (Normalized) 


Output High Voltage Voy (V) Outut Low Voltage Voz (V) 


STANDBY CURRENT vs. STANDBY CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


—_ 
i) 


wn 


= 
wn 


> 
sry 





fo) 


20 40 60 80 
Ambient Temperature Tg (CC) 


Standby Current Iccpr, Isp, Ispg (Normalized) 


Supply Voltage Voc (V) 


Standby Current Iccpr, IsB1, Ispg (Normalized) 
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HMG264A Series 


8192 x 8 Bit Low Power Static Hi-CMOS Ram NAESEAR Boe: 


@ FEATURES 


e Various package types 
600 mil 28 pin plastic DIP 
300 mil 28 pin plastic DIP 
SOP 28 pin eo 


¢ Low power dissipation 
Active mode 15 mW (typical) (f = 1 MHz) (DP-28) 
Standby mode 100 pW (typical) 
10 »W (typical) (L version/LL version) 
Two chip selection for battery back up. 
Capability of battery back up operation (L version/LL version) 





HA6264ASP Series 


e High speed 
Access time 100/120/150 ns (maximum) 
(Equal access and cycle time) 


e Single 5V supply 


Directly TTL compatible 
All input and output (DP-28N) 


¢ Common data input and output, three state output HAGZOAAEPSeUcS 


Completely static RAM 


No clock or timing strobe required 


@ PIN ARRANGEMENT 
(FP-28D/DA) 





1 

2 

@ PIN DESCRIPTION 

4 

° Pin Name Function 

Ag-Ay Address 

: 1/O,-I/Og | Input/Output 

: CS; Chip Select 
CS Chip Select 
WE Write Enable 
OE Output Enable 
Vcc Power Supply 

(Top View) Vss Ground | 

NC No Connection 
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HM6264A Series 
@ ORDERING INFORMATION 


Type No. Package 


HM6264AP-10 
HM6264AP-12 
HM6264AP-15 


HM6264ALP-10 a - 
HM6264ALP- 12 ae an 
ALP-I 
HM6264 5 (DP-28) 
HM6264ALP-10L 
HM6264ALP-12L 
HM6264ALP-15L 
HM6264ASP-10 
HM6264ASP- 12 
HM6264ASP-15 
HM6264ALSP- 10 a = 
HM6264ALSP-12 mes a 
HM6264ALSP- 1 
64ALSP-15 (DP-28N) 
HM6264ALSP-10L 
HM6264ALSP-12L 
HM6264ALSP-15L 
HM6264AFP- 10 
HM6264AFP- 12 
HM6264AFP-15 
HM6264ALFP-10 28 pin 
HM6264ALFP-12 Plastic SOP 


HM6264ALFP- 15 


HM6264ALFP-10L 
HM6264ALFP-12L 
HM6264ALFP-15L 


(FD-28D/DA) 





SOP whose thickness is 3.00 mm (max.) has ‘‘T”’ in its typename’s end. 


@ FUNCTIONAL BLOCK DIAGRAM 





Memory Matrix 
256 X 256 


3 | Column 1/0 


oeaay 


Column Decoder 
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HM6264A Series 





M@ FUNCTION TABLE 


: oe ce Not Selected High-Z Isp, Ispy 
Cee oa (Power Down) High 7 [aie 





1H 


CC 
Icc Write Cycle! 





Icc Write Cycle? 





*Don’t Care (H or L) 


@ ABSOLUTE MAXIMUM RATINGS 


Item Symbol Rating Unit 


Terminal Voltage | -0.5% to +7.0 Vv 


a ae 
Power Dissipation a 
Operating Temperature 0 to +70 a os 
Storage Temperature -55 to +125 as 
Storage Temperature (Under Bias) -10 to +85 ze 


NOTES: 1. With respect to Vss. 
2. -3.0V tor pulse width < 50 ns. 


= 


@ TRUTH TABLE 


X: HorL 
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HM6264A Series 


@ RECOMMENDED DC OPERATING CONDITIONS (T, = 0 to 70°C) 


Supply Voltage : 
ae sae a ee 


LG ok ea ee 


NOTE: 1. -3.0V for pulse width < 50 ns. 


@ ELECTRICAL CHARACTERISTICS 
e DC Characteristics (T, = 0°C to 70°C, Vcc = 5V + 10%, Vss = OV) 


T 


M< 
"so 


CS) = Vyy or CS; = Vip 
OE = Vin or WE = Vin 
Vio = Vss to Vec 


Output Leakage Current ILol 


CS, = Vy, CS: = Vin 


Operating Power Supply Current: DC Iccpc Other input = Vyy/Vit, lo = O mA 





Min. Cycle, Duty = 100% 
CS, = Vit» CS) = Vin 
Other input >= Vin/ViL- Ivo = QOmA 


Tec} 










Operating Power Supply Current Cycle = 1 ws Duty = 100% 


Ivo = 0mA, CS; < 0.2V, 
CS, = Vec -0.2V 
Vin= Vcc -0.2V, Vit = 0.2V 


Isp CS, = Viq or CS = Vip 


CS, = Vcc —0.2V, 
Standby Current (2): DC? Isp CS) = Vec -0.2V 


Icc2 


Standby Current (1) 


eS) 


0.02 


or CS, < 0.2V 


VoL Io =2.1mA 
Output High Voltage Vou Ion = -1.0 mA 2.4 


NOTES: 





Output Low Voltage 


ie 
1S) 
a) 


|. Typical limits are at Vcc = 5.0V, Ta = +25°C and specified loading. 
2. Vit min. = -0.3V 

3, -12/-1S = 45 mA, -10 = 55 mA 

4. Available for L version 

5, 


Available for LL version 
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ee 


Max. 


nr 


© + rs 
N N 


BS 
ws 


553 


100 


0.4 


Unit 
pA 


pA 


mA 


mA 


mA 


mA 
pAt 
pA° 


V 


HM6264A Series 





M@ CAPACITANCE (f = 1 MHz, Ta = 25°C ) 


Input Capacitance 


Input/Output Capacitance 





NOTE: This parameter is sampled and not 100% tested. 


@ AC CHARACTERISTICS (T, = 0°C to 70°C, Voc = 5.0V + 10%, unless otherwise noted) 
AC Test Conditions 





Input pulse levels: 0.8V/2.4V 

Input rise and fall times: 10 ns 

Input timing reference levels: 1.5V 

Output timing reference levels: 0.8V/2.0V (1.5V/1.5V)! 
Output load: 1 TTL gate and CL = 100 pF 


(including scope and jig) 
NOTE: 1. Available for 100 ns version. 


e Read Cycle 


| 
Parameter ae Man Unit 
Address Access Time ot ee ee ee ns 
Chip Selection (CS,) To Output Valid | ter | — | wo | — | wo | ~ | 150 | ns 
Chip Selection (CS) to Output Valid | ton | ~ | wo | — | wo | — | 150 | ns 
Output Enable (OE) to Output Valid | toe | ~ | 50 | — {| o | — | 70 | os 
Chip Selection (CS,) to Output in Low Z fiz | wo | — | »© | — | ws | - | ns 
Chip Selection (CS) to Output in Low Z | tz | wo | — | 0 | — | ws | — | ns 
Output Enable (OE) to Output in Low Z to.z | s | — | s {| —- | 5s | = | ns 
Chip Deselection (CS;) to Output in High Z | tix | o | 35 | o | 4 | oO | 50 | ns 
Chip Deselection (CS) to Output in High Z | tuz | 0 | 35 | 0 | 40 | O | 50 | os 
Output Disable (OE) to Output in High Z | tow | 0 | 35 | o | 40 | oO | 50 | ns 
Output Hold From Address Change tou | wo | —~ {| o | - | wo] - | ns 
NOTE: _ 1. tyz defines the time at which the output achieves the open circuit condition and is not referenced to output voltage level. 


2. At any given temperature and voltage condition, tz max. is less than tz min. both for a given device and from device to device. 
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HM6264A Series 


e Read Cycle 


'RC 


«J ——” mening 


THZ1 


ML $—1u22 =n 
ANNNNANNNAANNNANANNNNAANY it a LLL 
eal HO 


a ee t-!OH 
E: 1. WE is high for read cycle. 
. 153 
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HM6264A Series 


@ Write Cycle 


HM6264A- 10 HM6264A- 12 


Parameter Symbol 
5 


HM6264A-15 


Unit 


—, 
wy 
jon) 


; <= 


ns 
Chip Selection to End of Write ns 
Address Setup Time ns 
Address Valid to End of Write 


Write Pulse Width 


ns 


Write Cycle Time | 100 | 





ns 


Write Recovery Time ns 


3 


pS 
oO 
WN 


= 
a ™ 


Write to Output in High Z twuz 


in. in. 

120 
85 
85 
70 

Oe 

a ns 

40 

Lees 

=a 


o 


Data to Write Time Overlap 
Data Hold From Write Time 


ns 


ns 


twe 
tcw 
tas 
taw 
twp 
twr 
tpw 
{pH 
tow 


Output Active From End of Write 5 5 ns 


¢ Write Cycle No. 1 (OE Clock) 


TwC 


anal 
oC ALI. 


WLLL MA NSS 





- AN. Ae 
Dt et oe 


al 
/ 


ee 
Din : ROP AXA 
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HM6264A Series 


e Write Cycle No. 2 (OE Low Fix) 


WC 


tAW 






| tow [2] 


a a 


apg eae ere aa 


QO 
wn” 
— 





Ny | WAAL 
WE 
a AON, ‘OH 
[8] 
ne CAE eRe eee ama Lane VAN, 
LDA LAS DAD LI A LTS tp LINDA 
—— [9] 
Din (XK DD) 
NOTES: 1. A write occurs during the overlap of a low CS}, a high CS; going low, CS2 going high and WE going low. A write ends at the earliest transition among CS going high, 


CS2 going low and WE going high. twp is measured from the beginning of write to the end of write. 
. tcw is measured from the later of CS; going low of CS2 going high to the end of write. 
. tas is measured from the address valid to the beginning of write. 
. twR is measured from the earliest of CS; or WE going high or CS2 going low to the end of write cycle. 
. During this period, I/O pins are in the output state, therefore the input signals of opposite phase to the outputs must not be applied to them. 
1 CS| goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state. 
. Dour is the same phase of the latest written data in this write cycle. 


. Dour is the read data of next address. 


Co mn nA Ff WN 


. If CS} is low and CS} is high during this period, I/O pins are in the oer state. Therefore, the input signals of opposite phase to the outputs must not be applied to 
them. 
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HM6264A Series 





@ Low Vcc Data Retention Characteristics (T, = 0 to 70°C) 


This characteristics is guaranteed for L/LL-version. 


Item Symbol Min. Typ. Max. Test Conditions 


CS, = Vcc - 0.2V, CS) = Vec - 0.2V 


ae Vcc = 3.0V, CS} 2 Vcc - 0.2V 
cc = 3.0V, CS; 2 Vcc - 9. 


Chip Deselect to Data Retention Time 


ee ee See Retention Waveform 


NOTES: 1. Vit min. = -0.3V, 20 nA max. at Ta = 0 to 40°C, this characteristics is guaranteed ony for L-version. 
2. Vit min. = -0.3V, 10 pA max. at Ta = 0 to 40°C, this characteristics is guaranteed only for LL-version. 


3. tac = Read Cycle Time 


¢ Low Vcc Data Retention Waveform No. 1 (CS,Controlled) 


Data Retention Mode 














CS12V ec -— 0.2V 


OV-------- --- rer Be etteg aha, beet BA ae eS ee es GN ce ces eae, pet carte eee 


e Low Vcc Data Retention Waveform No. 2 (CS2Controlled) 


____ Data Retention Mode 























CS2 $ 0.2V 
(Ves eee erase: Pg eee ames Snes 


NOTE: In Data Retention Mode, CS? controls the Address, WE, CSI, OE and Dyn buffer. If CS2 controls data retention mode, Vn for these inputs can be in the high impedance 
state. If CS; controls the data retention mode, CS2 must satifsy either CS2 = Vcc - 0.2V or CS2 < 0.2V. The other input levels address, WE, OE, I/O) can be in the high 
impedance state. 
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HM6264A Series 


SUPPLY CURRENT VS. SUPPLY CURRENT VS. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Ta = 25°C 


Supply Current Icc}, Icc2 (Normalized) 
Supply Current Icc1, Icc2 (Normalized) 





‘45 4.75 5.0 320° “Did 
Supply Voltage for Vcc (V) Ambient Temperature Ta (C°) 
SUPPLY CURRENT VS. ACCESS TIME VS. 
FREQUENCY LOAD CAPACITANCE 


Supply Current Icc}, Icc2 (Normalized) 
Access Time taa, tco (Normalized) 





Frequency f MHz Load Capacitance CL (pF) 
ACCESS TIME VS. ACCESS TIME VS. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Access Time taa, tco (Normalized) 
Access Time taa, tco (Normalized) 





0 20 40 60 
Supply Voltage Vcc (V) Ambient Temperature Ta (C°) 
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Input Low Voltage Vj_ max. (Normalized) 


Output Current IoH (Normalized) 


Standby Current Iccpr, Ispi, Isp2 (Normalized) 





INPUT LOW VOLTAGE VS. INPUT HIGH VOLTAGE VS. 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


Input High Voltage Vin max. (Normalized) 


EE TS 5.0 5.25 aS 
Supply Voltage for Vcc (V) 


OUTPUT CURRENT VS. OUTPUT CURRENT VS. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


Ta = 25°C 
Vcc = 5V 


Output Current Io, (Normalized) 





Output Voltage Vou (V) 


Output Voltage Vou (V) 


STANDBY CURRENT VS. STANDBY CURRENT VS. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


S 


wr 


o — 
in o 
Standby Current Iccpr, Ispj, Isp2 (Normalized) 


o 
Pepa 


20 40 60 80 


Supply Voltage Vcc (V) 
© HITACHI 
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Ambient Temperature Ta 


HM6264A Series 





Supply Voltage for Vcc (V) 








(C°) 


143 
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HMG6G288 Series 


16384-word X 4-bit High Speed CMOS Static RAM 


MFEATURES 
@ Single 5V Supply and High Density 22 Pin Package. 
@ High Speed: Fast Access Time 25/35/45 ns (max.) 
@ Low Power dissipation 
Active made 300mW (typ.) 
Standby mode 100uW (typ.) 
@ Completely Static Memory 
No Clock or Timing Strobe Required. 
@ Equal Access and Cycle Times. 
@ Directly TTL Compatible — All Inputs and Outputs. 


m ORDERING INFORMATION 





HM6288P-25 5nk 
HM6288P-35 35ns 

eee ons 300 mil 22-pin 
HM6288LP-25 25ns Plastic DIP 
HM6288LP-35 35ns 
HM6288LP-45 Asis 

HM6288JP-25 aa 
HM6288JP-35 se mil ae 
HM6288JP-45 astic SOJ 
MIBLOCK DIAGRAM 









Memory 





Row Array 


Decoder 













128 Rows 


512 Columns 






Input 





Data 


Control 


es 
aa 
Column Decoder 


EKKKKKK 
RRARARARLA LK 

















HI ABSOLUTE MAXIMUM RATINGS 





em |: 


o—— Vey 








Item Symbol Rating Unit 
Voltage on Any Pin Relative to Vss | Vr —0.5) to +7.0 Vv 
Power Dissipation Py 1.0 W 
Operating Temperature 0 to +70 Cc 
Storage Temperature C 
Temperature under Bias —-10 to +85 ‘C 
Note: 1. Vr min.= ~3.5V for pulse width= 10ns 
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HM6288P Series 


DP-22NB 


HM6288JP Series 





m@ PIN ARRANGEMENT 
HM6288P 







HM6288JP 


(Top View) 


(Top View) 


@iPin Description 
Pin Name 





Function 

















__ AO-Al3 Address 
1 /0, -1/04 Input/Output 
cs Chip Select 


Write Enable 


Power Supply 
Ground 
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HM6288 Series 


MITRUTH TABLE 
cS 


Vcc Current Ref. Cycle 
Standby Tsp, Isp 
Read Read‘Cycle 1, 2 


Mi RECOMMENDED DC OPERATING CONDITIONS ( 7a=0 to +70°C) 


Parameter Symbol 


a Unit 


a 


< 


Supply Voltage 





Input High (logic 1) Voltage 


on 
clo! olun 
od ei 


Input Low (logic 0) Voltage —0.5*! 


Note: *1. Vir min.::  3.0V for pulse widthS10ns 


HDC AND OPERATING CHARACTERISTICS ( 7a=0 to +70°C, Vec=5V4 awh Vss=0V) 











Input Leakage Current Vcc=MAX. Vin=0V to Vcc eal hae uA 
_ Operating Power S Supply Current Fic Jeti La 120 mA 
Standby Vee Current | Ise | CS= Vin Fo = | a | 30 | mA 
Standby Vcc Current 1 oleae =f oo | 20 ite 
Vin S0.2V or Vin Vec—0.2V ) = | 002 | 01 | mA 
ee a a 
Output High Voltage | Vow Ton = —4.0mA | 24 f - | - | V 
Notes: * 1. Typical limits are at Vcc =5.0V, Ta= +25°C and specified loading. 
* 2. P version 
* 3. LP version 
MECAPACITANCE ( 7a=25°C, f=1.0MHz) 
Input/Output Capacitance V1/0=0V oe ee pF 
Note: This parameter is sampled and not 100% tested 
BAC CHARACTERISTICS 
@ AC Test Conditions Input and Output timing reference levels: 1.5V 
Input pulse levels: OV to 3.0V Output load: See ee 


Input rise and fall times: 5ns 5V 
4802 


Dou 


t 
30pF* 2552 5pF* 





Output Load (A) 
Output Load (B) 


fo t & t 
sIncluding scope & jig. (for tyz, ttz, twHz & tow) 


Output Load (A) 
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HM6288 Series 





Bache HM6288-25 | HM6288-35 | HM628845 | | 
| min | max | | min | max | | min | max | 
Address Access Time tad wae ae eee ae ns 
Chip Select Access Time t ACS oe WS oe 8d eas ns 
Output Hold from Address Change toH fh es cde S58 Pt set a oh wee ns 
Chip Selection to Output in Low Z | trze| 5 {| - | 10 | - [| 10 [ - | ns 
Chip Deselection to Output in High Z | tyze| 0 | 12 {| O | 20 | O | 20 | ns 
Chip Selection to Power Up Time | tpey | 0 | - [| 0 | - [ o | - | ns 
Chip Seselection to Power Down Time tpp hee fi 2S ip = f 80r fe =e BO. | ns 


* Transition is measured + 200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100°%o tested. 


® Timing Waveform of Read Cycle No.1 (1} [2] 


tre 


Address 


Provious 
Dout Data Valid 





® Timing Waveform of Read Cycle No.2 (1) {3] 


tre 













: RS 
meme | 

~ ——K XXXXX) Lite 

Vec supply 


current 


Notes: 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS= Vir tem 
3. Address Valid prior to or coincident with CS transition Low. 


@ WRITE CYCLE 


HM6 288-25 HM6 288-35 HM6 288-45 : 
Parameter Symbol Unit 


Write Cycle Time two 
Chip Selection to End of Write 
Address Valid to End of Write 
Address Setup Time 

Write Pulse Width 

Write Recovery Time 

Date Valid to End of Write 

Data Hold Time 

Write Enabled to Output in High Z 
Output Active from End of Write 


Nl] NM] bd 


ef= (> jx iq 
geekee 


S) 
= 


Lo) 
=} 
79 


mt] oot] in 

9 /= |S 

wr S tr 
4 


* Transition is measured + 200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100°. tested. 


© HITACHI 
Hitachi America Ltd. © 2210 O’Toole Ave. ¢ San Jose, CA 95131 © (408) 435-8300 147 


HM6288 Series- 





® Timing Waveform of Write Cycle No.1 (WE Controlled) 


twe 





Address 





. Ue 
nies ne eee 
a Wk aa 


’ OOK ee | KX) 


je Ve oN High Impedance TOTS TA 
See Noo NS 







ton *6 


 008—<$<$ $a 


® Timing Waveform of Write Cycle No.2 (CS Controlled) 





Address 





= Sit VITTETLILL 
SOK =e] KIRK 


Notes) 1. A write occurs during the overlap of a low CS and a low WE. (ftw) 

2. twr is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the 
outputs must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE 
transition, the output buffers remain in a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state after tow. Then the data input signals 
of opposite phase to the outputs must not be applied to them. 

6. Dout is the same phase of write data of this write cycle, if twr is long enough. 
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@ Low Vcc Data Retention Characteristics (7a=0 to +70°C) 
(This Characteristics is guaranteed only for L version. ) 


Parameter Max Test Conditions 
2.0 


Vcc for data retention Vor 
2) v1 
Vin= Vec —0.2V or 
Chip deselect to data Pane ae 
retention time OVS Vin S0.2V 
Operation recovery time tre! — ~ ns 


NOTE: 1. trc = Read cycle time 
2. Voc =3.0V 
3. Veo =2.0V 





Low Vcc Data Retention Waveform 


Data Retention Mode 















45V-—— ————— 






t cor 


ee ee es we eee ee ee 


CS2 Vee —0.2V" 
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HMG 788 Series— 


16384-word x 4-bit High Speed Hi-BiCMOS Static RAM 


MiFEATURES 
@ Super Fast Access Time: 25/35 ns (max.) 
@ Low power Operation 
Operating: 230mW (typ), Standby: 10mW (typ) 
@ +5V Single Supply 
e Completely Static Memory — 
No Clock or Timing Strobe required 
@ Balanced Read and Write Cycle Time 
@ Fully TTL compatible Input and Output 


@ ORDERING INFORMATION 


Access Time 










Package 











IBLOCK DIAGRAM 


Row Memory Matrix 
Decoder 128 X512 


Input 
Data 
Control 





MABSOLUTE MAXIMUM RATINGS 
Terminal Voltage to Vss pin Vr —0.5 to +7.0 V 
1.0 

Oto +70 
—10to +85 
—55 to +125 


Power Dissipation P 


Operating Temperature Tops 


o) 


Storage Temperature (with bias) T stg (bias) 


‘o) 


QO 


Storage Temperature Tg 


@ HITACHI 





(DP-22NB) 





MPIN ARRANGEMENT 





(Top View) 
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HM6788 Series 


TRUTH TABLE 


Dout Read Cycle (1) (2) 


L 
x: HorL 


HERECOMMENDED DC OPERATING CONDITIONS (0°C S$ Tas 70°C) 


item Somibol |’ amin typ | max | Unit 


Supply Voltage 
Input High Voltage Vin a aie 
Input Low Voltage Vin Ee 


Note) * 1. —3.0V with 20ns pulse width. 


IDC AND OPERATING CHARACTERISTICS ( Vec=5V + 10%, Ta=0°C to +70°C) 





Input Leakage Current Vec=5.5V, Vin= Vss to Vec Ce ee uA 
Output Leakage Current CS= Vin, Vi/o= Vss to Vec fF - | = | 2 | pA 
CS2Vec-0.2V, Vivs02V or Vis2Vec-02V. | ~- | — [ 10 | ma 


mAC CHARACTERISTICS (Vcc = 5V +10%, 7, = 0 to +70°C, unless otherwise noted) 
@ AC Test Conditions 


Input pulse levels: Vsg to 3.0V Input and Output reference levels: 1.5V 
Input rise and fall time: 4ns Output Load: See Figure 
+5V 
+5V 
4800 
Dout 
4800 
Dout - 
255Q * 
255Q al 


# Including scope and jig. 


Output Load B 
Output Load A ((CHZ, tWHZ, tCLZ, tow) 
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HM6788 Series 


@READ CYCLE 


Item 


Read Cycle Time 


Address Access Time 


Symbol 


tre 


LAA 


Chip Select Access Time tacs 
Chip Selection to Output in Low Z tcLz 
Chip Deselection to Output in High Z tcuz 


Output Hold from Address Change 


So 
x 


Chip Selection to Power Up Time*?! teu 


Chip Deselection to Power Down Time"! tpp 


Note) * 1. This parameter is sampled and not 100% tested. 


*1,*2 


@ Timing waveform of Read Cycle No. 1 


URC 





Address 


Dout 


Dout 





Note) *1. WE = Vyzy 
#2. CS = Vir 
*3. Address valid prior to or coincident with CS transition Low. 


@ WRITE CYCLE 
Item 


Write Cycle Time 

Chip Selection to End of Write 
Address Setup Time 

Address Valid to End of Write 
Write Pulse Width 

Write Recovery Time 

Write to Output in High Z 
Data Valid to End of Write 
Data Hold Time 


Output Active from End of Write 


HM6788-35 


HM6788-25 


ps 


twuz 


TH 
— 
Qo ; ow 


tow 


ek a i one ee 


tpu 


tow 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


HM6788 Series 


@ Timing waveform of Write Cycle No. 1 (WE Controlled) 


eee 
: +. 


. ees “yay 
=: Se ie ae ie ey ee LY SA 


x 


@ Timing waveform of Write Cycle No. 2 (CS Controlled) 


twe 


Address ee 





fer] 


= W777 


a 


: (ame 20000 


Notes) *1. A write occurs during the overlap (twp) of a low CS and a low WE. 

*2. During this period, I/O pins are in the output state so that the input signals of 
opposite phase to the outputs must not be applied. 

*3. Dout is the same phase of write data of this write cycle. 

*4. If the CS low transition occurs after the WE low transition, output remain in a 
high impedance state. 

*5. If CS is low during this period, I/O pins are in the output state. Then, the data 
input signals of opposite phase to the outputs must not be applied to them. 


MECAPACITANCE ( 7a= 25°C, f=1.0MHz) 


Note) This parameter is sampled and not 100% tested. 
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HMG788H Series 


16384-word x 4-bit High Speed Static RAM 


M@ FEATURES 


e Super fast access time: 15/20 ns (max.) 
e +5V Single supply 
e Low power dissipation (DC) operating: 280 mW (typ.) 


e Completely static memory 
No clock or timing strobe required 


Balanced read and write cycle time (DP-22NB) 





Fully TTL compatible—all inputs and outputs 
@ ORDERING INFORMATION 


Access Time 










Package 





HM6788HP- 15 @ PIN ARRANGEMENT 
: 300 mil 22 pin 


Plastic DIP 





 HM6788HP-20 


@ BLOCK DIAGRAM 


Row Memory Matrix 
= Decoder 128 X 512 


oO on oOo oO fF WO ND 


Column I/O 


Column Decoder 


RARRAIR 


© O) () ©) @ ©) C) 
Aiy2 Ais Ato Ag Ay Ao Ais 


(Top View) 





m@ ABSOLUTE MAXIMUM RATINGS 


Item Symbol Rating Unit 


Terminal Voltage to Vgg Pin T -0.5 to +7.0 Vv 
Power Dissipation Pr 

0 to +70 i & 
~10 to +85 ss 


~55 to +125 se 


Operating Temperature opr 


Storage Temperature (with bias) T stg (bias) 


= 


Storage Temperature T ste 
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HM6788H Series 


m@ RECOMMENDED DC OPERATING CONDITIONS (0°C < Ta <= 70°C) 


v 
Supply Voltage 
Pee OND Se 00. 00 ae 


*Pulse width < 10 ns, DC: -0.5V 





@ TRUTH TABLE 


= 
es 


Not Selected Isp, Isp) High Z pact 


Write Din Write Cycle (1), (2) 


Bey ee Ol 
2) 
a. 
fe’) 


@ DC AND OPERATING CHARACTERISTICS (Vcc = S5V + 10%, Ta = 0°C to 70°C, GND = 0V) 


Input Leakage Current Vento) nS GND ves c= I ee 
Output Leakage Current CS = Vin, Vo = GND to Voc | — | = | wo | pA 
Operating Power Supply Current CS = Vi, Ivo = 0 mA Fo — | = | wo | mA 
_ Average Operating Current Min. Cycle, Duty: 100% Ij = 0 mA pee fe ee PO | mA 
Standby Power Supply Current (1) Ispi a gene ae > Vee -0.2V p= f= |e) mA 


@ AC TEST CONDITIONS 


Input pulse levels: GND to 3.0V 
Input timing reference levels: L.5V 

Input rise and fall times: 4ns 

Output load: See figure 
Output reference levels: 1.5V 


# Including scope and jig. 
Output Load B 
Output Load A ((CHZ, tWHZ, tCLZ, tow) 





*including scope and jig capacitance 
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HM6788H Series 


M@ CAPACITANCE (Ta = 25°C, f = 1.0 MHz) 


Input Capacitance 


Input/Output Capacitance 





NOTE: This parameter is sampled and not 100% tested. 


@ AC CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0°C to 70°C, unless otherwise noted.) 


e Read Cycle 
| 
Item Symbo Min. | Max. | 
Read Cycle Time | tre | S| 
Address Access Time el 
| tacs | a 
Pati ad 


Unit Notes 


Max. 

ead ee ee 

Chip Select Access Time tacs po po 20 
Le! 


Output Hold from Address Change OH 3 | | | | — 
Chip Selection to Output in Low Z tLz | 3 [| = | | | 1,2 
Chip Deselection to Output in High Z tyz a ee ae ae ee ae ee 1,2 
NOTES: 1. This parameter is sampled and not 100% tested. 
2. Transition is measured + 200 mV from steady state voltage with specified loading in Load B. 
e Write Cycle 
se HM6788HP-20 a 
| Min, | | Max. | Min, | Max. | 

Write Enable to Output in High Z twz a a ae ae ee oe 3,4 
Output Active from End of Write tw | o | -— | o | — | ow | 3,4 


NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All write cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured + 200 mV from steady state voltage with specified loading in Load B. 


4. This parameter is sampled and not 100% tested. 
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HM6788H Series 


@ TIMING WAVEFORM 
e Read Cycle (1) (1) (2) 


. Address 





Dout 





° Read Cycle (2)(1) (3) 





NOTES: 1. WE is high for read cycle. 
2. Device is continuously selected, CS = VIL 


3. Address valid prior to or coincident with CS transition low. 
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HM6788H Series 


e Write Cycle (1) (WE Controlled) 





twc 





Address 


a \\\\\N ALILLV LL LL 





2) 





. (eamine WX) — 


twz[3]> 


High Impedance *—towl5]—> 


Dout 
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HM6788H Series 





e Write Cycle (2) (CS Controlled) 


Address 





cS 
we \\\\\\AAM ALLL LLL LLL 
tow——> eo 
0 IAA X KAA _Datavats KX XXX 
san High Impedance [4] 
NOTES: 1. A write occurs during the overlap of a low CS and a low WE (twp). 


. twR is measured from the earlier of CS or WE going high to the end of write cycle. 
. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 
. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain in a high impedance state. 


. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs must not be applied to them. 


aA A F&F WW NY 


. Dour is the same phase of write data of this write cycle. 
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HM6789 Series 


16384-word x 4-bit High Speed Hi-BiCMOS Static RAM (with OE) 


Features . 
@ Super Fast Access Time:............... 25/30 ns (max) 
@ Low Power Dissipation (DC) Operating... .. 230 mW (typ.) 
@ +5V Single Supply 
® Completely Static Memory 
No Clock or Timing Strobe Required 
Balanced Read and Write Cycle Time 
@ Fully TTL Compatible Input and Output DP-24NC 


HM6789P Series 


HM6789]JP Series 


Ordering Information 


25ns 
30ns 
25ns 
30ns 








Package 












HM6789P-25 
HM6789P-30 


HM6789JP-25 
HM6789JP-30 


~ Block Diagram 


300 mil 24 pin Plastic DIP 


300 mil 24 pin SOJ 





A20 ba —-—O Vcc 
A3 0 Pe ——0O Vss Pin Arrangement 
A40 5 | 
a2 = Row Memory Matrix 
ys Decoder 128X512 
AGO p= 
A7O a 
A8C >a 










1/010 ee 


1/03 O i 
1/040 





Input 
Data 
Control 







(Top View) 





Item Symbol Unit 
Terminal Voltage to Vgg Pin -0.5 to +7.0 Vv 


Power Dissipation 


0 to +70 ie 


~10 to +85 aC 
-55 to + 125 °C 


© HITACHI 
160 Hitachi America Ltd. ¢ 2210 O’Toole Ave. * San Jose, CA 95131 © (408) 435-8300 


Operating Temperature 


Storage Temperature (with bias) 





Storage Temperature 


HM6789 Series 





Note) *1. -3.0V for pulse width < 20ns. 


Function Table 


Dout Read Cycle (1) (2) (3) 


a fe 


Input Leakage Current fs aoe i) ee A 


Output Leakage Current 


Operating Power Supply Current Icc 


Average Operating Current 


Standby Power Supply Current spr 


Write Cycle (1) (2) (3) (4) 
Write Cycle (5) (6) 


aah I sa Sela a ong (Be? 


Test Conditions 
= 5.5V, Vin = Vgg to Voc 
S = Vyy or OF = Vy, 
1/0 = Vss to Vcc 


i 
Q 


ZO 


S= VIL, Iyjo = OMA 
in.Cycle,Duty:100%,ljj9=OmA 


BSS (on) (an) (=) 
3 isp |3/3)] 5 |Jrle 
<|-| 2 [2/2 |2|5 Ble 
Zzlia 


Output Low Voltage lot = 8mA 
Output High Voltage Vou low = —4mA 
AC Test Conditions 
@ Input pulse levels ............... 0.000% Vss to 3.0V 
@ Input and Output reference levels .............. 1.5V 
+200 mV from steady level (Output Load B) 
@ Input rise and falltime ...................... 4ns 


@ Output Load: See Figure 


* including 
scope and jig 


ee 


Output Load A 


Output Load B 
((CHZ, tWHZ, tCLZ, tow) 
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HM6789 Series 


Capacitance (7, = 25°C, f= 1.0MHz) 


ty 


| min | typ | max 


Note) This parameter is sampled and not 100% tested. 


AC Characteristics (Vcc=5V+10%, T,=0 to +70°C, unless otherwise noted.) 











Read Cycle 
Address Access Time tAA | | 25 | - | 30 | ms | 
Chip Selection to Output in Low Z | terzt | 0 | es | oo | - | ons | 
Output Enable to Output Valid tor a ee 15 Ld 15 a 
Output Enable to Output in Low Z | torzt {| 0 | - | — 
Chip Deselection to Output in High Z | tceuz | 0 | 10 | 0 a 

, Output Hold from Address Change toH ae ae ee ee > Le 
Write Cycle 
Item Symbol : Unit 
| min max min max 

Write Cycle Time twc _ 30 a a ae 

"Chip Selection to End of Write tcw 25 Se ae 
Address Setup Time tas 0 —— | = fos 
Address Valid to End of Write taw 20 ee ae a 
Write Recovery Time twR —— a ae oe 
Write to Output in High Z twuz? | 0. | ppt 
Data Valid to End of Write tpw 20 ffs 
Data Hold Time ton Se ee 
Output Disable to Output in Hihg Z toHz*! PO | SEE 
Output Active from End of Write tow*! 0 0 | =] ots 


Note) *1. Transition is measured +200mV from steady state voltage with Load (B). ; 
This parameter is sampled and not 100% tested 
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X Unit Test Conditions 


HM6789 Series 
Timing Waveform 


Read Cycle (1) *1 


Address 


- WM AZ TTD 
= \\\ le 


emerald =" 


tciz 


me KD 


Read Cycle (2) "1. °2.°3 


| 
| 2 
io) 


2) 
tT} 





SS 


SN 
JIS 


Address 


Dout 





Read Cycle (3) 1.3. "4 


Dout Data Valid 


High Impedance 





Notes) *1. WE= Vin 
*2. CS= Vit 
*3. OE= VIL _ 
*4. Address valid prior to or coincident with CS transition Low. 
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_HM6789 Series 


Write Cycle (1) (OE = H, WE Controlled) 


s NN a 70777, | 


. Se 


tp 


OCCCOCOs SEED OAC 





Write Cycle (2) (OE = H, CS Controlled) 









UU eet an eee re, 


tow 


; : - 
~ XXXXXXK XXX 
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HM6789 Series 


Write Cycle (3) (OE = Clocked, WE Controlled) 


— 
a 
SNM TZ 


jan a 
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HM6789 Series 


Write Cycle (5) (OE = L, WE Controlled) 


‘in 


twe 


WWM 777 
he 


twuz *2 






High Impedance 


ps NV 
Xa JS 


ee 


ae a SS eS 


ae 





Write Cycle (6) (OE = L, CS Controlled) 


Notes) *1. 
+2, 


*3. 
*4, 
*5. 


*6, 


166 


—— a 
ae eG nn Leena, 


= 
ry 


High Impedance 


Dout 


aes eee 
KS ARE 


A write occurs during the overlap (twp) of a low CS and a low WE. 


During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 
must not be applied. 


Dout is the same phase of write data of this write cycle. 
If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 


If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to 
the outputs must not be applied to them. 


If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain 
in high impedance state. 
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HM6Eé789H Series 


16384-word x 4-bit High Speed Static RAM (with OE) 


HM6789HP Series 


@ FEATURES 


e Super fast access time: 15/20 ns (max.) 

e Low power dissipation (DC) operating: 280 mW (typ.) 

e +5V Single supply Baie 

e Completely static memory 
No clock or timing strobe required HM6789HJP Series 





e Balanced read and write cycle time 
e Fully TTL compatible input and output 
@ ORDERING INFORMATION 


Type No. Package 


HM6789HP- I5 I5ns 300 mil 24 pin 
HM6789HP-20 20ns Plastic DIP 


HIM6TSOHP. 2 0 7 | m@ PIN ARRANGEMENT 
HM6789HJP-20 20ns 300 mil 24 pin SOJ 


@ BLOCK DIAGRAM 





_— 


>= 
Row Memory Matrix 
Decoder 128 X 512 


Column 1/0 


o ODN Oh oO FR WwW PD 


Column Decoder 


RRARRAK 


Ai2 Ait Ato Ag Ay Ao Aig 


(Top View) 





@ ABSOLUTE MAXIMUM RATINGS 


Terminal Voltage to Vgg Pin Vv 

Operating Temperature is 6 

Storage Temperature (with bias) gs 8 

Storage Temperature °C 
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HM6789H Series 





mM RECOMMENDED DC OPERATING CONDITIONS (0°C < Ta, < 70°C) 


Item 
Supply Voltage 


Input High Voltage 
Input Low Voltage 


*Pulse width < 10 ns, DC: -0.5V 


@ TRUTH TABLE 


HorL 


ripcjr irl m1 ol 


fous " 


ee 
a 
ee ee es ee 
ee NC 


Max. - Unit 
5.5 


S| A 


-HorL Not Selected High Z — 


H Output Disabled High Z 2 
jada. 


7 Write Cycle (1), 2, B), 4) 
Write 
| Write Cycle (5), (6) 


™@ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0°C to 70°C) 


Item 
Input Leakage Current 
Output Leakage Current 
Operating Power Supply Current 


Average Operating Current 


Standby Power Supply Current 


Output Low Voltage 
Output High Voltage 


@ AC TEST CONDITIONS 


Input pulse levels: 

Input and output reference levels: 
+ 200 mV from steady level 
(Output Load B) 

Input rise and fall time: 

Output load: 








Min. Cycle, Duty: 100%, Iyo = 0 mA | — | = | io mA 

fei [tft 
Vin < 0.2V or Vin = Voc -0.2V 

a a eS 

eae 


GND to 3.0V 
1.5V 


4 ns 
See figure 


+5V 
480Q 

Dout 
2550 SpF 


# Including scope and jig. 


Output Load B 
Output Load A (tCHZ, tWwHZ, tCLZ. tow) 


*including scope and jig capacitance 
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HM6789H Series 


M@ CAPACITANCE (T, = 25°C, f = 1.0 MHz) 


Item Symbol Min. Typ. Max. Conditions 


Input/Output Capacitance 


NOTE: This parameter is sampled and not 100% tested. 


Mm AC CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0°C to 70°C, unless otherwise noted.) 


e Read Cycle 
HM6789H- 15 HM6789H-20 





Item Symbol Unit 


Read Cycle Time 


- 

rs) 

Q 
Nn 


Address Access Time 


> 


- + 
e) 
ies) 


A 
Chip Select Access Time tacs 


Max. Max. 
15 20 
15 20 
Chip Selection to Output in Low Z tcLz 
Output Enable to Output Valid 12 15 
Output Enable to Output in Low Z toLz 


Chip Deselection to Output in High Z tcHz 


Le 
eee 
hee 
Led 


Output Hold from Address Change tou 


¢ Write Cycle 


wn ”n Nn Nn n i?) 2) Nn nH n Nn n Nn Li iz) n n an 


HM6789H- 15 HM6789H-20 


Item Symbol Unit 

Chip Selection to End of Write tcw Se eee 

Address Valid to End of Write tw | wo {| — | 6 | — | 

Write Recovery Time twr 3 ff = [os f= | 

Data Valid to End of Write tpw | 9 | = | eve [| = | 

Output Disable to Output in High Z | tz | 9 | 6 | o | 8 | 

Output Active from End of Write tow | o {| -— | o | = | om | 
NOTE: |. Transition is measured + 200 mV from steady state voltage Load B. This parameter is sampled and not 100% tested. 
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Notes 


Notes 


169 








HM6789H Series 
@ TIMING WAVEFORM 


e Read Cycle (1) (1) 


tao 


taa-——-_— 


oe \AMAAN _LLLLLL 


aN 7777 


tacs tonz———> 
tc.z—---> <——tcnz 


on High Impedance ¢e (__Datavatid KX) 


e Read Cycle (2) (1) (2) (3) 





Address 


Dout 


e Read Cycle (3) (1) () (4) rg 





NOTES: 1. WE=Vin 
2. CS = VIL 
3. OE = VIL- 


4. Address valid prior to or coincident with CS transition low. 


© HITACHI 
170 Hitachi America Ltd. ¢ 2210 O’Toole Ave. « San Jose, CA 95131 © (408) 435-8300 


HM6789H Series 


e Write Cycle (1) (OE = H, WE Controlled) 
yey 


a \\AAANS A a 


taw 
tas— +twr> 
toH 


We YAA 
tpw-—— 
> XKXXKKRIK Se NRK 


High Impedance 





Dout 


¢ Write Cycle (2) (OE = H, CS Controlled) 


cs ae 
<—_—____—— t aw ——————>« twr> 


ve \\\\\AM LLLLLLL 


tow————>k toH> 
mn XXAKKKAK __Detevaid OK XX XX 


High Impedance 





Dout 
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HM6789H Series 


¢ Write Cycle (3) (OE = Clocked, WE Controlled) 


tye SM 






Address 


Dout 


e Write Cycle (4) (OE = Clocked, CS Controlled) 








twc 


ae 
a 
«e/////f see 


Address 


——____————— taw——_..—> + twr> 
AW (1) ‘tWR 


«-—__— twp —-—--_> 


a WWW TILT 
XX ewe 















Din 


Dout High Impedance 
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HM6789H Series 





¢ Write Cycle (5) (OE = L, WE Controlled) 


= (Wi {T7777 , 


tas twRa> 





tow> 





not NNN NSN NH (AVY 
FILS) £IS L/S 


toy 
<—— tpw-—> 


. OL mie 


° Write Cycle (6) (OE = L, CS Controlled) 


twr> 


Dout 








Din 


(Kata vais XA 


NOTES: . A write occurs during the overlap (twp) of a low CS and a low WE. 


. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 


. Dour is the same phase of write date of this write cycle. 


1 

2 

3 

4. If the CS low transition occurs after the WE low transition, output remain in a high impedance state. 

5. If CS is low during this period, 1/O pins are in the output state. Then, the data input signals of opposite phase to the outputs must not be applied to them. 
6 


. If CS low transition occurs simultaneously with the OE high transition of after the OE transition, output remain in high impedance state. 
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HMG6G287 Series 


6553-word x 1-bit High Speed CMOS Static RAM 


FEATURES 
High Speed: Fast Access Time 45/55/70ns (max.) 
Single 5V Supply and High Density 22 Pin Package 
Low Power Standby and Low Power Operation 
Standby: 100uW (typ.)/10uW (typ.) (L-version) 
Operation: 300mW (typ.) 
® Completely Static Memory 

No Clock or Timing Strobe Required 
@ Equal Access and Cycle Times 
@ Directly TTL Compatible: All Inputs and Output 
@ Capability of Battery Back Up Operation (L-version) 


# ORDERING INFORMATION 
Type No. 
HM6287P-45 


HM6287P-55 
HM6287P-70 


HM6287LP-45 
HM6287LP-55 
HM6287LP-70 











Access Time Package 










300 mil 22 pin 
Plastic DIP 





# BLOCK DIAGRAM 


<<. Vec 





<«— Vss 






Memory Array 





128 * 512 


Pe RT Pe Ie RS eS 









1/0 


Loa Lh dA. dane a 


Column 
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HM6287P Series 





(DP-22N) 


@ PIN ARRANGEMENT 
@ HM6287P Series 





(Top View) 
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HM6287 Series 


# TRUTH TABLE 


Wile Ck 


=» ABSOLUTE MAXIMUM RATINGS 


item Rating Unit 
Voltage on Any Pin Relative to Veg | Vr | -0.5"! to +7.0 V 


VT 
Power Dissipation Pr 
T, 


Operating Temperature 0 to +70 a @ 


| 

— 

i) 

-~ —_— 
° ° 
+ 

co 

wi) 


orage Lemperature 
Temperature Under Bias T bias 2c 
Note) *1. -—3.5V for pulse width S 20ns 
= RECOMMENDED DC OPERATING CONDITIONS (7, = 0 to +70°C) 
Input Voltage 


Note) *1. -3.0V for pulse width S 20ns 
=» DC AND OPERATING CHARACTERISTICS (Vcc = 5V t 10%, Vs = OV, Ta = 0 to +70°C) 


Item Symbol Test Conditions | min | typ"! | max | Unit 
Input Leakage Current \In7\ Voec= 5.5V, Vin = Vss to Vcc pa tee Ors bA 
f — | = | 2.0 | 0 


= 
> 


Output Leakage Current \Izo 1} CS = Viz, Vout = Vss to Vcc 
Operating Power Supply Current | Icc CS = Viz, Jout = OMA 


Tsp CS = Ving 


CS 2 Voc-0.2V, Vin 3 0.2V or 
Vin 2 Vocc-0.2V 





~A 
— 
(om 5 
© 


OF] 

dN 
Ble 

ole 


ffs 
* 

vw 
— 

S 

eo 

* 

wu 


Standby Power Supply Current I 


Ton = —4.0mA 


Notes) *1. Typical limits are at VCC = 5.0V, Tg = 25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 


EISI3 13 
</<|> [515/15 


Output Voltage 


bee 


SB1 
VOL 
Vou A 


= CAPACITANCE (f= 1MHz, Tz =25°C) 


Note) This parameter is sampled and not 100% tested. 
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HM6287 Series 


= AC CHARACTERISTICS (Vcc = 5V +10%, Tz = 0 to +70°C, unless otherwise noted) 
@ AC TEST CONDITIONS 

Input Pulse Levels: Veo to 3.0V 

Input Rise and Fall Times: 5ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: See Figure 





Output Load A Output Load B 
5V 
5V 

08 480.2 

Dout 
Dout F 
5pF 

: 2552 
255.2 a0nF 
*iIncluding scope & jig capacitance * Including scope & jig capacitance 


@ READ CYCLE 

















I Suaibel HM6287-45 HM6287-55 HM6 287-70 Unit Not 
ni otes 
— ee [min Tmax [min [max [min | max_ 
Address Access Time Citas | - |S | - | 33 | - | 0 | ms 
Chip Select Access Time veacs | - | 4 | - | ss | - | 70 | m | 
Output Hold from Address Change | tow | 5 | - | 3 | - | 5 | - | ms 
Chip Selection to Output in LowZ | xz | 8 | - | 8] - | 8 | - | ms [237 
Chip Deselection to Output in HighZ | tHz | 0 | 30 | 0 | 30 | 0 | 30 | ms | 237 
Chip Selection to Power UpTime | spy _| 0 | - | 0 | - | 0 | - | ms | 7 
@ Timing Waveform of Read Cycle No. 1'4)(>) 
PRC 
Address 
Dout 
© Timing Waveform of Read Cycle No. 2‘4)(®) 
as 
Dout High Impedance Xx 
Impedance 
tp 
Vcc supply = (Se ee re ee ee 
current 
Isp 
Notes: 1. All Read Cycle timings are referenced from last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, ty7z max. is less than t7, 7 min. both for a given device 
and from device to device. 
3. Transition is measured +500 mV from steady state voltage with specified loading in Load B. 
4. WE is high for READ Cycle. —_ 
S$. Device is continuously selected, while CS = Vy. 
6. Address valid prior to or coincident with CS transition low. 
7. This parameter is sampled and not 100% tested. 
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ae 


HM6287 Series 


@ WRITE CYCLE 


bee HM6287-45 | HM6287-55 | HM6287-70 ig 
Write Cycle Time WON Bt ee 8 Oe, is [2 
Chip Selection to End of Write tcw | 40 | - | 50 | | 55 | — | ns | 
Address Valid to End of Write tawW 40 SS See 
Address Setup Time is | Oo Oe Oe ae 
Write Pulse Width ae ee eee 
Write Recovery Time et 0 [Ole oi 
Data Valid to End of Write tpw Ee 2 eT ES 
Data Hold Time fc DO ee 
Write Enabled to Output in High Z twZz pee | eli, Ore if 2Se Oe 80h el ng. 4 3,4— 
Output Active from End of Write tow | 0 | = | 0 | -— | o | - | os | 3,4 


® Timing Waveform of Write Cycle No. 1 (WE Controlled) 


we 


c TN aa 


taw 
tas twR 


WE V\\y tw 
a date im Vaid 


twz tow 
High Impedance 
Pon Data Undefined 


tpy 


® Timing Waveform of Write Cycle No. 1 (CS Controlled) 


Address 





twz 


High Imped 
Dout Data Undefined uke sie 


Notes) 1. If CS goes high Simultaneously with WE high, the output remains in a high impedance state. 

All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
Transition is measured +500mV from steady state voltage with specified loading in Load B. 

This parameter is sampled and not 100% tested. 


ca aa ad 
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HM6287 Series 


@ LOW Vcc DATA RETENTION CHARACTERISTICS (7, = 0 to +70°C) 


This characteristics is guaranteed only for L-version. 


Parameter Symbol Test Condition | min. | typ. | max. | Unit 








f Retenti V a V 
Vcc for net etention CS = Vec-02V, 
Data Retention Current ICCDR . WA 
; : Vin 2 Voc-0.2V or 
Chip Deselect to Data Retention Time ns 
: , OV S$ Vin S0.2V 
Operation Recovery Time ns 
Note) *1. tro = Read Cycle Time 
*2. Voc= 3.0V 
@ LOW Vcc DATA RETENTION WAVEFORM 
Data Retention Mode 
Vec 
CS2Vcc -0.2V 
CS 
a Sten Se ayn orate cde es a et a Pep a ee a ee, 
SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 


Supply Current I¢c:, Icc2 (Normalized ) 
Supply Current Icci, Icce (Normalized ) 





Supply Voltage Veco (V) Ambient Temperature Ta (°C) 
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HM6287 Series 


180 


Access Time taa, tacs (Normalized ) 


Standby Current Isp; (Normalized) 


ACCESS TIME vs. SUPPLY VOLTAGE 


Supply Current Icc: (Normalized) 








ACCESS TIME vs. AMBIENT TEMPERATURE 


Access Time tga, tacs (Normalized ) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 


STANDBY CURRENT vs. STANDBY CURRENT vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Standby Current Isg, (Normalized ) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 


SUPPLY CURRENT vs. STANDBY CURRENT vs. 
FREQUENCY INPUT VOLTAGE 


1.1 





1.0 an 
ino] 
8 
| 

0.9 E 
S 
3 

0.8 ~ 
2 
E 
a 
O 

0.7 B 
3 
g 
n 

0.6 

0.5 

0 5 10 15 20 25 
Frequency f (MHz) Input Voltage Vio (V) 
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Input Low Voltage V,, (Normalized) 


Output High Current Ioy (Normalized ) 











INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


Input High Voltage Vix (Normalized ) 


4.75 5.0 5.25 5.5 
Supply Voltage Vec (V) Supply Voltage Vee (V) 


OUTPUT HIGH CURRENT vs. 


HM6287 Series 


INPUT HIGH VOLTAGE vs. 





OUTPUT LOW CURRENT vs. 


OUTPUT HIGH VOLTAGE OUTPUT LOW VOLTAGE 


Output Low Current Io, (Normalized ) 





Output High Voltage Vow (V) Output Low Voltage Vo. (V) 
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HM6287H Series 


65536-word x 1-bit High Speed Static C-MOS RAM 


HM6287HP Series 


@ FEATURES 


e Single 5 V supply and high density 22 pin DIP and 24 pin SOJ 
e High Speed 
Access time 25/35 ns (max.) 
e Low power 
Active mode 300 mW (typical) (DP-22NB) 
Standby mode 100 »W (typical) HM6287HIP Series 


Completely static memory 
No clock or timing strobe required 
e Equal access and cycle times 


Directly TTL compatible—all inputs and outputs Pl 


M@ ORDERING INFORMATION 


Access 


25 ns 
35 ns 





(CP-24D) 
















Part No. 
HM6287HP-25 


Package 


HM6287HP-35 300 mil 
22 pin 
HM6287HLP-25 arene 


HM6287HLP-35 


HM6287HJP-25 
HM6287HJP-35 


25 ns 

35 ns 

25 ns 300 mil 
35 ns 24 pin SOJ 














m@ PIN ARRANGEMENT @ PIN ARRANGEMENT @ PIN DESCRIPTION 
a Pin Name Function 
Ao-Ajs Address 

, 
. Din Input 
3 Dout Output 
s Cs Chip Select 
: WE Write Enable 
7 Vcc Power Supply 
8 Vss Ground 
9 


(Top View) 
(DIP) 


(Top View) 
(SOJ) 
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HM6287H Series 


@ BLOCK DIAGRAM 


Memory Array 
128 X 512 





Column I/O 
YO VO VOY VOPR JON 


O O OO O ©) © ©) O O 
Az Ag Ag Ayo Ass Ata Arg Arg Ais 





@ ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vgc {vp | 0.5! t0 +700 | V 
Power Dissipation a Ww 
Operating Temperature al & 
Storage Temperature °C 
Storage Temperature Under Bias °C 


NOTE: 1. Vr min = -2.0V for pulse width < 10 ns. 


@ FUNCTION TABLE 


Ref. Cycle 
H = 
L Read Cycle 1, 2 
L 





Write Cycle 1, 2 
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HM6287H Series 


@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T, = 0 to 70°C) 


Parameter Symbol Min. Typ. Max. Note 


Supply Voltage 


a 


NOTE: 1. Vit min = -2.0V for pulse width < 10 ns. 


™ DC CHARACTERISTICS (T, = 0 to +70°C, Voc = 5V + 10%, Vsg = OV) 


Parameter Symbol Min. Typ."! Max. Test Conditions 
ee ee 

ee 
Pee 
oe 





Input Leakage Current 
Output Leakage Current 
Operating Vcc Current Icc 
Standby Vcc Current Isp 
| Asp 
| Iso | 


CS = Vcc - 0.2V, OV < Vj < 0.2V or 


Standby Vcc Current! 


NOTE: 1. This parameter is sampled and not 100% tested. 


M@ CAPACITANCE (T, = 25°C, f = 1.0 MHz)! 





Parameter 










Input Capacitance 





Output Capacitance 


NOTE: This parameter is sampled and not 100% tested. 
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HM6287H Series 


m AC CHARACTERISTICS (T, = Oto +70°C, Vcc = 5V + 10%, unless otherwise noted) 


Test Conditions 





Input pulse levels: 0.0V to 3.0V 
Input rise and fall times: 5 ns 

Output load: see figure 
Input and output timing reference levels: L.5V 


255Q 


Output Load B 
Output Load A (for tuz. tLz, twz, 
tow) 





*including scope and jig capacitance 


e Read Cycle 


- om ae 25 ere a 
ae 
Chip Select Access Time ee a ns 
Output Hold from Address Change | te | 3 | -— | 5 | - | ns 
Chip Selection to Output in Low Z | tz | 5s | — | 5s [| = | ns 
Chip Deselection to Output in High Z | tit | o | 2 | o | 2% | ns 
Chip Selection to Power Up Time | ty | o | -— | o | — | ns 
Chip Deselection to Output in Down Time | tp | -— | 2 | -— [| 3 | ns 
NOTE: 1. Transition is measured + 200 mV from steady state voltage with Load B. This parameter is sampled and not 100% tested. 
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HM6287H Series 


e Timing Waveform of Read Cycle No. 1 (1), (2), (4) 


Address 


Dout 





¢ Timing Waveform of Read Cycle No. 2(%), (3) 


Dout 


Vcc supply 





current 


iss 


NOTES: 1. WE is high for read cycle. 
2. Device is continuously, CS = VI. 
3. Address valid prior to or coincident with CS transition low. 


4. All read cycle timing are referenced from last valid address to the first transitioning address. 
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HM6287H Series 


@ Write Cycle 





Chip Selection to End of Write ae ere eee ns 
Address Valid to End of Write — ee See See ae 
Write Recovery Time ae ee ee ee ee ns 
Data Valid to End of Write tow | i | — | 2% | -— | ns 
Data Hold Time toy Of Oe ns 
Write Enable to Output in High Z twz! pee iit abe NIL AOE | 10 ns 
Output Active From End of Write tow! Eee ns 
NOTE: |. Transition is measured + 200 mV from steady state voltage with Load B. This parameter is sampled and not 100% tested. 
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HM6287H Series 


¢ Timing Waveform of Write Cycle No. 1 (WE Controlled) 


[_ two —--------_- 


Address 


3 \\\M\ ALLLALLLLLL 















ome [2] 


[1] 
«typ —_____» 


WE aN! 
XXAXXAXAKK) 


<«—twz— 





Qo 
3 


(oaxvwa! XYYYXXKYX 


[4] 







High Impedance 





Dout 


¢ Timing Waveform of Write Cycle No. 2 (CS Controlled) 


two —_ 





Address 
tas-———> “ ees 
tcw—_—> 

cs 

eae, yo Ll eee 
we \\\\\AAMA ~~ LTT LL 

tpw——>|-tpH> 
 XXXXXXKXAXK A_Daenvaid AKIKO X 
Dout High Impedance 8] 
NOTES: 1. A write occurs during the overlap of a low CS and a low WE (twp). 


2. twr is measured from the earlier of CS or WE going high to the end of write cycle. 
3. If the CS low transition occurs simultaneously with the buffers remain in a high impedance state. 


4. Dour is the same phase of write data of this write cycle, if twr is long enough. 
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HM6287H Series 


M@ Low Vcc Data Retention Characteristics (T, = 0 to +70°C) 


(This specification is guaranteed only for L-version.) 


Parameter Symbol Unit Test Conditions 


| Symbol | | Unit | 
Vcc for Data Retention = 
Data Retention Current CS = Vcc - 0.2V, 
Vin = Vec - 0.2V 
| teor_| Ps | ove vy <02V 


eee 

a ee 
Chip Deselect to Data Retention Time tcprR a ee eee 
a Sel 


Operation Recovery Time 


NOTES: 1. trc = Read cycle time. 
2. Vcc = 3.0V. 
3. Vcc = 2.0V. 


e Low Vcc Data Retention Waveform 


«—_—_Data Retention Mode —_» 








CS = Vpr-0.2 V 
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HMG787 Series 


65536-word x 1-bit High Speed Hi-BiCMOS Static RAM 


HM6787P Series 


@ FEATURES 
Super Fast Access Time: 25ns/30ns (max.) 
@ Low Power Dissipation (DC): 
Operating 180mW (typ) 
@ High Driving Capability: lo, 16mMA 
@ +5V Single Supply 
@ Completely Static Memory 
No Clock or Timing Strobe Required 
@ Balanced Read and Write Cycle Time M6787 0G Series 
@ Fully TTL Compatible Input and Output 


(DP-22N) 


= ORDERING INFORMATION 


Access Time 





Package 


300 mil 22 pin 
Plastic DIP 


22 pin ceramic 
Chip Carrier 














HM6787P-25 
HM6787P-35 


HM6787CG-25 
HM6787CG-30 


(CG-22A) 















# PIN ARRANGEMENT 
@ HM6787P Series 


Ai a VOC 


—=—Vss 
Ai 


Ai Memory Matrix 


Ai 128 x 512 





Din Column IO Dout 
CS 
WE 
5 (Top View) 
@ HM6787CG Series 
SABSOLUTE MAXIMUM RATINGS | Ai Ao Vec_Aws 


item Uni 
Terminal Voltage to Vg Pin -0.5 to +7.0 Vv 
Power Dissipation Pr | 10 | Ww 


TNS SH SSSI 


Operating Temperature Range 0 to +70 ss 
Storage Temperature Range -55 to +125 °C 


53 
14 
+4 
73 
2 
z5 


~— 7 paar wqarie 
{= 





WE GND CS Di 
(Top View) 
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HM6787 Series 


= TRUTH TABLE 


= RECOMMENDED DC OPERATING CONDITIONS (0°C S$ 7a $ 70°C) 





v 
Supply Voltage 
Vss Ree 


Note) *1. ~3.0V for pulse width S 20ns. 


=» DC AND OPERATING CHARACTERISTICS (Vcc = 5V+10%, Tz =0°C to +70° 


Input Leakage Current Pena Voc=5.5V, Vin=V ss to Voc 


Output Leakage Current lTrol Vin, Voutr= Vss to Vcc 
Vin» Ivo =OmA 
Iyo=9mA 


>) 
~ 


Unit 


| A 
wll W 
Te 


Operating Power Supply Current | Icc 


SB IH» 


S2Vcc -0.2V 


Zi 
Iv] a 


Standby Power Supply Current 






Ispi 


VIN Ss 0.2V or VIN 2Vcc —0.2V 


Output Low Voltage VoL Tor =16mA 


; 
a 
~*” 
> 
ee 
wl oo S| Ni rv 
=| 
> 


= AC TEST CONDITIONS 


Out put Load A Out put Load B 
Input pulse levels: Vss to 3.0V +5V (for tz, t1z,twz & tow) 
Input rise and fall times: 4ns +5V 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 480 Q 
Output load: See Figure 480 © 

Dout 
Dout 
255 Q 30pF * 
255 Q SpF * 


* Including scope and jig. 
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HM6787 Series 


m CAPACITANCE (7, = 25°C, f= 1.0MHz) 


Note) This parameter is sampled and not 100% tested. 


m AC CHARACTERISTICS (Vcc = 5V+10%, T, =0°C to 70°C, unless otherwise noted.) 
@® READ CYCLE 


HM6787-25 HM6787- 
= cone mera 25 —__|_ 30/35 ca 


i 
x) 
ta 


Address Access Time tAA el aa ae ns 
Chip Select Access Time ome eee ee we 
Output Hold from Address Change toH SS ee eS ee ee ns 
Chip Selection to Output in Low Z tLZ i ee eee ns 
Chip Deselection to Output in High Z ee ee ee ee oe ae a ns 
Chip Selection to Power Up Time tPuU a oe ee ee ee ee ns 
Chip Deselection to Power Down Time tPp Se ee ee ee ns 
@ WRITE CYCLE 

Wite Cyete Time ae eee 
Chip Selection to End of Write eee (ee ee ee 

Address Valid to End of Write | taw | 20 | - | 2 | - | ns | 

Address Setup Time us| oe | - | ef- | «| 

Write Pulse Width we |_20 | - | 3s |_- |= 

Write Recovery Time We) el ee 

Data Hold Time iba | 09 | - |o | - |» 

Write Enable to Output in High Z | twz | oO [| 15 | O | 15 | ns | 3,4 
Output Active from End of Write tow | oO { - {| o | - | ns | 3,4 


Note: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured t500mvV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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HM6787 Series 


@ TIMING WAVEFORM OF READ CYCLE NO. 12): 2) 


tRC 


Address 


tAA 


Data Out Previous Data Valid WV, VW, Data Valid 
XX) 





@ TIMING WAVEFORM OF READ CYCLE NO. 22): 3) 






tHz 


Data Valid > 


tPD. 






High Impedance High Impedance 


Data Out 


Vcc Supply ~-- —---~-—---—---—--~-— 


Current 


Note: 1. WE is high and CS is low for READ cycle. _ 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured t500mV from steady state voltage with specified loading in Load B. 
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HM6787 Series 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED) 


Address 


os Ca 7422 


tbH 


Data In ‘/ Data In Valid <—as 


Data Out Data Undefined 








High Impedance 


Note: 1. Transition is measured +500mV from steady state voltage with specified loading in Load B. 


¢ 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED) 
two 


see XY 


NEAWANANAAS Oe 27,0747, 


WE 
tpw tDH 
Data In C | Data In Valid 
Data Out Data Undefined 


High Impedance 


Note: 1. Transition is measured +500mV from steady state voltage with specified loading in Load B. 
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HM6787H Series ~~ OO 


65536-word x 1-bit High Speed Static RAM 


@ FEATURES 


e Super fast access time: 15/20 ns (max.) 
e Low power dissipation (DC) operating: 280 mW (typ.) 
e +5V Single supply 


¢ Completely static memory 


No clock or timing strobe required Sealey 





e Balanced read and write cycle time 
e Fully TTL compatible input and output 


m@ ORDERING INFORMATION 






Package 


300 mil 22 pin 
Plastic DIP 










HM6787HP- |5 1Sns 
HM6787HP-20 20ns 


mM BLOCK DIAGRAM 


@ PIN ARRANGEMENT 


b> 


PEPEPILS 


Row Memory Matrix 
Decoder 128 X 512 


DE Fig el 
Column Decoder Ir 


(Top View) 





mM ABSOLUTE MAXIMUM RATINGS 


Terminal Voltage to GND Pin Vv 
Operating Temperature Range =C 
Storage Temperature Range i 
Temperature Under Bias “0 
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HM6787H Series 





@ RECOMMENDED DC OPERATING CONDITIONS (0°C < Ty, < 70°C) 


Q 
fo) 
& 
WM 
de 
° 
w 
ws 
< 


Supply Voltage 


2/9) < 
S 


Input High Voltage 


Input Low Voltage Vint 


*Pulse width < 10 ns, DC: -0.5V 


a 


| @ TRUTH TABLE 


CS 
H 


m@ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0°C to 70°C, GND = OV) 


Input Leakage Current Vec = 5.5V, Vin = OV to Vcc f=— | = | 2 | pA 

Output Leakage Current CS = Vin, Vout = OV to Vcc | —- | = | w | pA 

Operating Power Supply Current CS = Vz, Ionut = OmA | — | = | 100 mA 

Average Operating Current | Toc: | Min. Cycle, Duty: 100% Inur =OmA | — | — | 120 mA 

Standby Power Supply Current i CS = Vcc -0.2V, P= f= | 2 i 
SP Vin = 0.2V or Vin = Voc -0.2V 


m@ AC TEST CONDITIONS 


Input pulse levels: GND to 3.0V 
Input timing reference levels: LSV 

Output load: See figure 
Input rise and fall times: 4 ns 

Output reference levels: 1.5V 


# Including scope and jig. 
Output Load B 
Output Load A (tCHZ. tWHZ. tCLZ. tow) 





*including scope and jig capacitance 


@ HITACHI 


196 Hitachi America Ltd. © 2210 O’Toole Ave. © San Jose, CA 95131 © (408) 435-8300 


HM6787H Series 


M@ CAPACITANCE (Ta = 25°C, f = 1.0 MHz) 


Input Capacitance 


Output Capacitance 





NOTE: This parameter is sampled and not 100% tested. 





M@ AC CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0°C to 70°C, unless otherwise noted.) 


e Read Cycle 
‘ HM6787HP-20 . x 
Item Symbol nit otes 


Address Access Time ae Pee 

Chip Select Access Time l ohes | SB ee 20 ns — 
Output Hold from Address Change tou | 3 | = | 3 | = | 

Chip Selection to Output in Low Z a a ee a ee oe en 
Chip Deselection to Output in High Z tz te i ee Pee = Sate [2 


NOTES: 1. This parameter is sampled and not 100% tested. 








2. Transition is measured + 200 mV from steady state voltage with specified loading in Load B. 


¢ Write Cycle 





Max. Min. Max. 
Chip Selection to End of Write | tw | wo | -— | 6 = 
Address Valid to End of Write | tw | wo | — | 15 if — 
Data Valid to End of Write iow le I i ee ge 
Write Enable to Output in High Z wz | o | 6 | o | 8 | os | 34 
Output Active from End of Write tw | o | — | o | — | ow | 3,4 


NOTES: |. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All write cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured + 200 mV from steady state voltage with specified loading in Load B. 


4. This parameter is sampled and not 100% tested. 
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HM6787H Series 


@ TIMING WAVEFORM 
e Read Cycle (1) (1) (2) 


Address 


Data Out Previous Data Valid Data Valid 





e Read Cycle (2) (1) (3) 





| Data Valid 







High Impedance High Impedance 


Data Out 


NOTES: 1. WEis high and CS is low for read cycle. 
2. Address valid prior to or coincident with CS transition low. 


3. Transition is measured + 200 mV from steady state voltage with specified loading in Load B. 


© HITACHI 


198 Hitachi America Ltd. « 2210 O’Toole Ave. * San Jose, CA 95131 © (408) 435-8300 


HM6787H Series 


e Write Cycle (1) (WE Controlled) 


Address 





Data In N Data In Valid 


<¢ twz, sg 


Je Soy 


High Impedance 











Data Out Data Undefined 






NOTE: |. Transition is measured + 200 mV from steady state voltage with specified loading in Load B. 


¢ Write Cycle (2) (CS Controlled) 


+ _ two — 


taw ———————>|¢ twr 


me VAAN TTT 


top 


Data In a Data In Valid 













Data Out Data Undefined 
High Impedance 
NOTE: 1. Transition is measured + 200 mV from steady state voltage with specified loading in Load B. 


Hitachi America Ltd. ¢ 2210 O'Toole Ave. ¢ San Jose, CA 95131 © (408) 435-8300 199 


200 


@ HITACHI 
Hitachi America Ltd. ¢ 2210 O’Toole Ave. « San Jose, CA 95131 © (408) 435-8300 


HM62256 Series 


32768-word x 8-bit High Speed CMOS Static RAM 


®# FEATURES 
@ High Speed: Fast Access Time 85/100/120/150ns (max.) 
@® Low Power Standby and Low Power Operation; 
Standby: 200uW (typ)/10uW (typ) (L-version), 
Operation: 40mW (typ.) (f= 1MHz) 
Single 5V Supply 
Completely Static RAM: No clock or Timing Strobe Re- 
quired 
Equal Access and Cycle Time 
Common Data Input and Output, Three-state Output 
Directly TTL Compatible: All Input and Output (DP-28) 
Capability of Battery Back Up Operation (L-/L-SL version) 


HM62256P Series 





HM62256FP Series 


@ ORDERING INFORMATION 


HM62256P-8 

HM62256P-10 
HM62256P-12 
HM62256P-15 


HM62256LP-8 

HM62256LP-10 
HM62256LP-12 
HM62256LP-15 


HM62256LP-10SL 
HM62256LP-12SL 
HM62256LP-15SL 


HM62256FP-8T 

HM62256FP-10T 
HM62256FP-12T 
HM62256FP-15T 


HM62256LFP-8T 

HM62256LFP-10T 
HM62256LFP-12T 
HM62256LFP-15T 


HM62256LFP-10SLT 
HM62256LFP-12SLT 
HM62256LFP-15SLT 


600 mil 28 pin 
Plastic DIP (FP-28DA) 





= PINARRANGEMENT 


28 pin 
Plastic SOP 





# ABSOLUTE MAXIMUM RATINGS 


Item Unit 

Voltage on any pin with relative to Vgg V 
Power Dissipation Pr 6 [10 Ww 
Operating Temperature Topr “Cc 
a 

°C 





Storage Temperature Tstg —55 to +125 
Temperature Under Bias T bias —10 to +85 


Note) *1. -3.0V for pulse width S 50ns 





(Top View) 
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HM62256 Series 


# BLOCK DIAGRAM 


cae Memory Array 
Row 
Decoder 
512x512 


Column 1/0 


Buller Column Decoder 


Y Address Buffer 


AO Al A2 A1NA3 A4 





= TRUTH TABLE 


OE | WE | Mode | Vcc Current I/O Pin Reference Cycle 
Not Selected Isp./spi High Z — 


es ee ee ee Oe: 
a ee Din _| Write Cycle No. | 


X means H or L 


= RECOMMENDED DC OPERATING CONDITIONS (7,= 0 to +70 C) 


Supply Voltage 


V 
acevo: 


Note) *1. -3.0V for pulse width & 50ns 
= DC AND OPERATING CHARACTERISTICS (Voc = SV + 10%, Vgg = OV, T, 


© 
me 
co) 
+ 
> 
© 
o 
2. 
— 


Input Leakage Current . Uzrl | Vin = Vgg to Vcc 





Output Leakage Current View or OE= Vizzor WE WE-ViL,Vijo=Vss to Vcc 


Operating Power Supply Current | [cc = Viz, I1j9=9MA 
HM62256-8 
Average 





Operating HM62256-10 seve _ 

. Cycle, duty=100%, CS=Vy7_, J7/9=OmA 
Power HM62256-12 é era? 
Supply HM62256-15 
Current , 


Icc2 





CS =Vrz, Vir=Vocc, Vi=0V, I7j9=0mA f=1MHZ 


= 
Ss 
z o 
Parag eee el ee Be (es me 3 


Standby Power Supply Current 


— 
S 

* 
N 


IsBl 


-> 
) oO wlw)] pin < 





i) 
* 
Ww 

a 

© 
* 
w 


N 
as 


IoL=2.1mA 
Output Voltage a IoH=-1.0mA 


Notes) *1. Typical values are at Vcc=5.0V, Tg= 25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 
*3. This characteristics is guaranteed only for L-SL version. 
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Unit 
vA 
pA 
mA 


mA 


<|< 


HM62256 Series 


m CAPACITANCE (7,=25 C, f=1MHz) 
Symbol typ. | max. 
Cin Vin=OV | - | 6 | 
tue [nov TE 


Note) This parameter is sampled and not 100% tested. 















Input Capacitance 





Input/Output Capacitance 


# AC CHARACTERISTICS (Vcc=5V+ 10%, T, =0 to +70 C unless otherwise noted) 
@ AC Test Conditions 

















O Input pulse levels: 0.8V to 2.4V O Input and Output timing reference levels: 1.5V 
© Input rise and fall times: 5ns © Output load: 1TTL Gate and C, (100pF) 
(Including scope and jig) 
@ Read Cycle 
i; HM62 256-15 Unit 
ia min. 7 i 
Read Cycle Time 85 150 se ns 
Chip Select Access Time Ca 30 |= [150 [as 
Output Enable to Output Valid [tor | - | 48 | - | so | - | 60] - | 70] ms 
Chip Selection to Output intowZ | tcuz| 10 | - | 10] - | 10] - | 10] - | ms 
Output Enable to OutputinLow2 | torz| 5 | - | s|_- | 5] - | 3] - [a 
Output Disable to Output in High Z | ronz| 0 | 30 | 0] 35 | 0] 40] 0] so[ as 
@ Timing Waveform of Read Cycle No, 1!4] 
{RC 
re RAIS TAILS. 
\ AL 
oO ILIA INT TS 
\ ote JL A 
txes—} tee 
Dout ses CX Data Valid YAO 
| [N\Z_LN 
@ Timing Waveform of Read Cycle No. 211214) 
{RC 
fAA tou 
7 =a 
Data Valid 
| TAS AV AVA AY AS is 
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HM62256 Series 


®© Timing Waveform of Read Cycle No. 3/1! (3141 


Dout 


Data Valid 





Notes) 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS = Vz,. 
3. Address Valid prior to or coincident with CS transition Low. 
4. OE = Vit- 


@ Write Cycle 
256-8 HM62256-10 HM62256-12 HM62256-15 


Timin. [max [ min. [max 


Item Unit 


a 


Pa 


—” 
a 
Cy o 

2. 

rly 
= 
ron 
NO 


Write Cyele Time ras | - | io] - |i} —_ ni 
Chip Selection to End of Write tcw | 75 | ~ | 80; ~ 4 88 f= | ns 
Address Valid to End of Write | taw | 75 | = |. 80 | = | 85 7, ~ | ns 
Write Pulse Width rtwe | 0 | - | | - | | 

Write Recovery Time Pe Oly hoe. ni 
Write to Output in High Z twHZ | 30 | Of} 35 | Of} 40 | 50 ns 


Data to Write Time Overlap 
Data Hold from Write Time 
Output Disable to Output in High Z 
Output Active from End of Write. tow 


oS 

vn 
fo) 
3 

n” 


SIS |S 


BAN — 
—N co) © 
E 
oS 
io) 
jo) 
— — 
oO Wn 
w~ © jo) 


a 


@ Timing Waveform of Write Cycle No. 1 (OE Clock) 


twce 


= Seoreirohernnienrneintainstanty 


twrR) 


oe LLf Eye 
Ss VK CUM 
ee, 
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cS 


Dott \\\\\\V\V\ NVA 
A kal Gt Ge Bi le 5 a A tow {pH 


re ae 
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HM62256 Series 


© Timing Waveform of Write Cycle No. 2'5) (OE Low Fixed) 


tuc 
ears ee 
7 | tow , [2 
cs WM 8 LTT 
ae PR ANNN ee - 
(7) 
Dout QERERESEane a. a ona, 
TID LDL AL LIT ae ane — 
Din EE ORY, 
AIS IIS 


Notes: 1. A write occurs during the overlap (f wp) of a low CS and a low WE. 

. twr is measured from the earlier of CS or WE going high to the end of write cycle. 

. During this period, I/O pins are in the output state. The input signals out of phase must not be applied 

. If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition. 
Outputs remain in a high impedance state. 

. OE is continuously low. (OE = V;,) 

. Dout is in the same phase of written data of this write cycle. 

. Dout is the read data of next address. 

. If CS is low during this period, I/O pins are in the output state. The input signals out of phase must not be 
applied to I/O Pins. 


BW to 


CONDNN 


= LOW Vcc DATA RETENTION CHARACTERISTICS (7, = 0 to +70°C) 
(This characteristics is guaranteed only for L-and L-SL version) 









Test Conditions 


Vcc for Date Retention S 2Vcc -0.2V 





Data Retention Current Vcc = 3.0V, CS 22.8V uA 








Chip Deselect to Data Retention Time 
See Retention Waveform 
Operation Recovery Time 








Note) *1. ftRC= Read Cycle Time : Z 
*2. This characteristic is guaranteed only for L-version, 204A max. at Tg = 0 to 40 C. 
*3. This characteristic is guaranteed only for L-SL version, 34A max. at Tg = 0 to 40 C. 


@ Low Vcc Data Retention Waveform 


Vec DATA RETENTION MODE 





CS2 Vec—0.2V 


OV --------------------- -- - = - — - - - - nn en 
Note) In Data Retention Mode, CS controls the Address, WE, OE, and Din Buffers. Vin for these inputs can be in 
high impedance state in data retention mode. 
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HM62256 Series 





SUPPLY CURRENT vs. SUPPLY VOLTAGE (1) SUPPLY CURRENT vs. AMBIENT TEMPERATURE (1) 


1.6 
1.4 


1.2 


0.8 


Supply Current Ic¢c (Normalized ) 
Supply Current Ic¢c (Normalized ) 
5 


PT 


0.6 


tid 


0.4 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 


SUPPLY CURRENT vs. SUPPLY VOLTAGE (2) SUPPLY CURRENT vs. AMBIENT TEMPERATURE (2) 


1.3 
1.2 


11 


0.9 


Supply Current Icc, (Normalized ) 
Supply Current Ic¢c: (Normalized ) 
5 


0.8 





0.7 


Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 


SUPPLY CURRENT vs. SUPPLY VOLTAGE (3) SUPPLY CURRENT vs. AMBIENT TEMPERATURE (3) 


Supply Current Icc2 (Normalized ) 
Supply Current Icc2 (Normalized ) 





Supply Voltage Vec (V) Ambient Temperature Ta (°C) 
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HM62256 Series 


ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME vs. AMBIENT TEMPERATURE 





2 2 
ee ee 
&: é 
Supply Voltage Vee (V) Ambient Temperature Ta ("C} 
STANDBY CURRENT vs. SUPPLY VOLTAGE STANDBY CURRENT vs. AMBIENT TEMPERATURE 


Standby Current Isg, (Normalized: 
Standby Current Isg, {Normalized } 





Supply Voltage Vec (V) Ambient Temperature Ta (°C) 


SUPPLY CURRENT vs. FREQUENCY (READ) SUPPLY CURRENT vs. FREQUENCY (WRITE) 


150ns 120ns 100ns 85ns 





Supply Current feei, I¢c2 (Normalized ) 
Supply Current Ieci, [cco (Normalized } 





Frequency f (MHz) Frequency f (MHz) 
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HM62256 Series - 


INPUT LOW VOLTAGE vs. SUPPLY VOLTAGE 


Access Time taa, tacs (Normalized ) 


208 


Input Low Voltage V;,max (Normalized ) 


Output High Current Joy (Normalized } 


INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 


Input High Voltage V;ymin ‘| Normalized ) 





" 4,50 4.75 5.00 5.29 


Supply Voltage Vec (V) Supply Voltage Veco (V) 


OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 


OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 


Output Low Current Io; {Normalized) 





Output High Voltage Voy (V) Output Low Voltage Vo, (V) 


ACCESS TIME vs. LOAD CAPACITANCE 





Load Capacitance C, (pF) 
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HM6208 Series 


65536-word x 4-bit High Speed CMOS Static RAM 





The Hitachi HM6208 is a high speed 256k static RAM orga- 
nized as 64-k word x 4-bit. It realizes high speed access time 
(35/45 ns) and low power consumption, employing the advanced 
CMOS process technology. 

It is most advantageous for the field where high speed and high 
density memory is required, such as the cache memory for main 
frame or 32-bit MPU. 

The HM6208, packaged in a 300 mil plastic DIP, is available 
for high density mounting. Low power version retains the data 
with battery back up. 





Features ( DP-24N) 
@ High Speed: Fast Access Time 35/45 ns (max.) 
@ Low Power Pin Arrangement 


Standby: 100 uW (typ.)/10 uW (typ.) (L-version) 
Operation: 300 mW (typ.) 
@ Single 5V Supply and High Density 24 Pin Package 
® Completely Static Memory: 
No Clock or Timing Strobe Required 
@ Equal Access and Cycle Time 
@® Directly TTL Compatible: All Inputs and Outputs 
@ Capability of Battery Back Up Operation (L-version) 


Ordering Information 


Access Time 


35ns 
45ns 


35ns 
45ns 














HM6208P-35 
HM6208P-45 


HM6208LP-35 
HM6208LP-45 





300 mil 24 pin Plastic DIP 









(Top View) 





Pin Description 


Absolute Maximum Ratings 






















































tem MGcaie }Alaee 
. ° * - 
Voltage on Any Pin Relative to Vss —0.5"! to +7.0 —qJoi - 1/04 antOuna 
_Power Dissipation Pr CS Chip Select 
_ Operating Temperature Topr 0 to +70 WE Write Enable 
Storage Temperature Tstg —55 to +125 7 —_ Vee Power Supply 
Storage Temperature under bias Tbias —10 to +85 Vss Ground 





Note) *1. —3.5V for pulse width < 10 ns 


Note) The specifications of this device are subject to change without notice. Please contact your nearest Hitachi's Sales Dept. 
Dept. regarding specifications. 
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HM6208 Series 









Block Diagram 





Row 
A4 oO Decoder 





Memory Array 





256 X 1,024 







Column I/O 
Column Decoder 


Input 
Data 
Control 





























Note) X means don’t care. 


Reconimended DC Operating Conditions (Ta = 0 to +70°C) 


Sembol_| in| tye f_max | 
| Nec _ 
ae 
ee 





Parameter 


Supply Voltage 















Input High (logic 1) Voltage 








Input Low (legic 0) Voltage 





Note) *1. —3.0V for pulse width S 10 ns 


DC and Operating Characteristics (Ta = 0 to +70°C, Vcc = ue + 10%, Vss = OV) 


Parameter Symbol Unit Test Condition 


Vcc = MAX 
Input Leakage Current (Ty y! A ; 
CS=V 
Output Leakage Current Iro! A 1H 
: : ra Cee Vio = Yss to Voc 
mA ose 
1/o= OmA 
= Vin 
| |_| 9.02 20 CS > Voc-0.2V 
Standby Power Supply Current (1) Isp mee: 12 VIN < 0.2V or 
Output Low Voltage | VOL aia 0.4 Ioy = 8mA 
Output High Voltage Vou lon = -4.0mA 
Note) *1. Typical limits are at Voc = 5.0V, Ta = 25°C ad specified loading. 
*2. This characteristics is guaranteed only for L-version. 


Operating Power Supply Current Icc 





Standby Power Supply Current Igp 
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HM6208 Series 


Capacitance (Ta = 25°C, f = 1.0MHz) 


Parameter Symbol i i Conditions 




















Input Capacitance 








Input/Output Capacitance 











Note) This parameter is sampled and not 100% tested. 


AC characteristics (Ta = 0 to +70°C, Vec = 5V + 10%, unless otherwise noted.) 

AC Test Conditions 

@ Input pulse levels: Vsgg to 3.0V @ [Input and Output timing reference levels: 1.5V 
@ Input rise and fall times: 5ns ® Output load: See Figure 


Output Load (A) Output Load (B) 
+5V (for tcnz, tciz, twuz & tow) 
+5V 


480 2 
Dout 
30pF * 955 Q SpF * 


* Including scope & jig. 





Read Cycle 
max 
Address Access Time aa oe a ns 
Chip Select Access Time | ts | | 8 | Ot ns 
Output Hold from Address Change ae ee ee ns 
Chip Selection to Output in Low Z ee ee ee eee ns 
Chip Deselection to Output in High Z Lote lO 20 0 20 ns 
Chip Selection to Power Up Time an i oe ew eet ns 
Chip Deselection to Power Down Time a ee ee ee ns 


Note) *1. Transition is measured +200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 


Timing Waveform of Read Cycle No. 1 “1, *2 


Address 
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HM6208 Series 


Timing Waveform of Read Cycle No. 2"!>"? 
=—k ee 


Impedance 


Vee supply 


current 





Note) *1. WE is High for Read Cycle. ae 
*2. Device is continuously selected, CS = VIL. _ 
*3. Address Valid prior to or coincident with CS transition Low. 


Write Cycle 
Chip Selection to End of Write | tw | 30 | OO] tT ns 
Address Valid to End of Write | tw df 30 | | ns 
Address Setup Time | ths df fl UC | lO ns 
Write Recovery Time | ote = =SCld| 8 | UCT CO ns 
Data Valid to End of Write | tpw =f 20 | CO | tT ns 
Write Enable to Output in High Z | tye? | ts ns 
Output Active from End of Write | tw? =| oo | = | TK ns 


Notes) *1. A write occurs during the overlap of alow CS and a low WE. (twp) 

*2. twR is measured from the earlier of CS or WE going high to the end of write cycle. 

*3. During this period, I/O pins are in the output state. 
The input signals of opposite phase to the outputs must not be applied. 

*4, If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 

*5. If CS is low during this period, I/O pins are in the output state. The data input signals of opposite phase to the 
outputs must not be applied to them. 

*6. Dout is the same phase of write data of this write cycle. 

*7_ Transition is measured +200mvV from steady state voltage with load (B). This parameter is sampled and not 100% 
tested. 
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HM6208 Series 


Timing Waveform of Write Cycle No. 1 (WE Controlled) 


tue 





Address 








= Wa KZTLNT TILL 











: OOK ev | XX) 


low *5 







ton *6 





twuz *3 


0 See ee eee BNA 
oe ee NS eS 





Timing Waveform of Write Cycle No. 2 (CS Controlled) 


Address 

















oo GI LALIT I T7- 


~ SKKKKKKKK EK =| KKK 


Dout High Impedance *4 


Notes) 1. A write occurs during the overlap of a low CS and a low WE. (twp) 
2. twr ts measured from the earlier of CS or WE going high to the end of write cycle. 


3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the 
outputs must not be applied. 


4. If the CS low transition occurs simultaneously with the WE low transition or after the WE 
transition, the output buffers remain in a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state after tow. Then the data input signals 
of opposite phase to the outputs must not be applied to them. 

6. Dout is the same phase of write data of this write cycle, if fr is long enough. 
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HM6208 Series 


Low Vcc Data Retention Characteristics (Ta = 0 to +70°C) 
(This characteristics is guaranteed only for L-version) 


. Parameter Symbol min typ. Test Condition 
Vcc for Data Retention | = Vpr_ | 2.0 | a aoe ee 
Data Retention Current IccDR eae a 50°2 eS.2 Yeo 02y, 
Chip Deselect to Data Retention Ti t Vin 2 Vcc - 0.2V or 

ip Deselect to Data Retention Time CDR eae OV < Vin $0.2V 


ee ee 
Operation Recovery Time tre’! SS eae SS 


Note) *1. tpc = Read Cycle Time #2. Vcc=3.0V 








Low Vcc Data Retention Waveform 


Data Retention Mode 


CS2 Veo —0.2V 
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HNM6708 Series Preliminary 


65536-word x 4-bit High Speed Static RAM ease 


@ FEATURES 

¢ Super fast access time: 20/25 ns (max.) 

e Low power dissipation (DC) operating: 250 mW (typ.) 
e +5V Single supply 


¢ Completely static memory (DP-24NC) 


No clock or timing strobe required 
HM6708JP Series 


° al 


300 mil 24 pin (CP-24D) 
Plastic DIP 


e Balanced read and write cycle time 
e¢ Fully TTL compatible input and output 
@ ORDERING INFORMATION 


Access Time 


20ns 
25ns 
HM6708JP-20 20ns 
HM6708JP-25 25ns 


Mm BLOCK DIAGRAM 










Package 


HM6708P-20 
HM6708P-25 












@ PIN ARRANGEMENT 


Row Memory Matrix 
s-| Decoder 256 X 1024 


Column I/O 


Column Decoder 


ARRRARARRR 


OO) ) () C) ©) © O ©) 
Ag Az Ag Ayy Ai2 Ay3 Ata Ats 


(Top View) 





M@ ABSOLUTE MAXIMUM RATINGS 


Item Symbol Rating Unit 


Terminal Voltage to GND Pin T -0.5 to +7.0 Vv 


Power Dissipation P 
0 to +70 al 


~10 to +85 °C 
-55 to +125 = 


Operating Temperature Range opr 


Storage Temperature Range (with bias) T stg (bias) 


= 


Storage Temperature Range T stg 


—j 
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HM6708 Series 


@ RECOMMENDED DC OPERATING CONDITIONS (0°C < Ty, < 70°C) 





Item | Symbol = | Min. Typ. Max. Unit 
v 
euieui RS 
| Input Low (logic 0) Voltage Vit ee ee ee ee V 
| *Pulse width < 20 ns, DC: -0.5V 
| 
@ TRUTH TABLE 
r - 
Read pce 
| Dn Wie Ce (1), @ 


m™@ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0°C to 70°C, GND = OV) 


T 


= 


Test Conditions 


Item Symbol 


t< 
so) 


VIN =< 0.2V or VIN = Vcc -0.2V 


Output Low Voltage VoL Ion, = 8 mA 


[tConlions | in 

Isp CS = Vy, Vin = Vin or Vit | — | = | 

Standby Power Supply Current Isp CS = Vcc -0.2V, P- | - | 
tee alae 

peewee Set 


nN 


Output High Voltage Vou Ion = -4 mA 


@ AC TEST CONDITIONS 


Input pulse levels: GND to 3.0V 
Input timing reference levels: 1.5V 

Output load: See figure 
Input rise and fall times: 4 ns 

Output reference levels: 1.5V 


255Q 


Output Load B 
Output Load A (for tHZ, tLZ, twZ, tow) 





*including scope and jig capacitance 
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= 
be 


So Ww 


|S 
SiS 


Unit 
pA 
pA 


mA 
mA 
mA 


mA 


HM6708 Series 


M@ CAPACITANCE (Ta, = 25°C, f = 1.0 MHz) 


Input Capacitance 





Output Capacitance 


NOTE: This parameter is sampled and not 100% tested. 





@ AC CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0°C to 70°C, unless otherwise noted.) 
e Read Cycle 





| 
Output Hold from Address Change tou fos | — [| 5s | = [ mw | _ 
Chip Selection to Output in Low Z tz | o | = | o | = | ow | 12 
Chip Deselection to Output in High Z tz | o | s | o | wo | ws | 12 
NOTES: 1. This parameter is sampled and not 100% tested. 

2. Transition is measured + 200 mV from steady state voltage with specified loading in Load B. 
e Write Cycle 

| 
Chip Selection to End of Write tcw | 6 | — | 20 | = | ms | — 
Address Valid to End of Write tw | 6 | — | 2 | — | om | 
Data Valid to End of Write tw | 2 | - | 56 | -— | mw | - 
Write Enable to Output in High Z we | o | 8 | o | wo | os | 2,3 
Output Active from End of Write tow | oo | = | 0 | = | om | 29 


NOTES: 1. All write cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured + 200 mV from steady state voltage with specified loading in Load B. 


4. This parameter is sampled and not 100% tested. 
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HM6708 Series 


@ TIMING WAVEFORM 
e Read Cycle (1) (1) (2) 


Address 


Dout 





e Read Cycle (2) (1) (3) 





NOTES: 1. WE is high for read cycle. 
2. Device is continuously selected, CS = VIL. 


3. Address valid prior to or coincident with CS transition low. 
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HM6708 Series 


° Write Cycle (1) (WE Controlled) 















twe 
Address 
= ANAS ee 
WE 
= 
on OK Da vaiel XX) — 
Dout eu High Impedance <—tow[5]—> 





e Write Cycle (2) (CS Controlled) 


NOTES: 


RH un F&F WO — 





we \\\AAANA ELLE LL LL) 
me KXAN Data vais XOX 


. A write occurs during the overlap of a low CS and a low WE (twp). 

. twr is measured from the earlier of CS or WE going high to the end of write cycle. 

. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain in a high impedance state. 
_ If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs must not be applied to them. 


. Output data is the same phase of write data of this write cycle. 
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HMG207 Series 


262144-word x 1-bit High Speed CMOS Static RAM 


The Hitachi HM6207 is ahigh speed 256k static RAM organized 
as 256-k word x 1-bit. It realizes high speed access time 
(35/45 ns) and low power consumption, employing the advanced 
CMOS process technology and high speed circuit designing tech- 
nology. It is most advantageous for the field where high speed and 
high density memory is required, such as the cache memory for 
main frame or 32-bit MPU. The HM6207, packaged in a 300 mil 
plastic DIP, is available for high density mounting. 

Low power version retains the data with battery back up. 





Features 

® High Speed: Fast Access Time 35/45 ns (max.) 

@ Low Power 
Standby: 100 ywW (typ.)/10 uW (typ.) (L-version) Pin Arrangement 
Operation: 300 mW (typ.) 

@ Single 5V Supply and High Density 24 Pin Package 

@® Completely Static Memory: 
No Clock or Timing Strobe Required 

@ Equal Access and Cycle Time 

@ Directly TTL Compatible: All Inputs and Outputs 

@ Capability of Battery Back Up Operation (L-version) 


(DP-24N: 


Ordering Information 








Access Time 


35ns 
45ns 


35ns 
45ns 


Type No. 


HM6207P-35 
HM6207P-45 


HM6207LP-35 
HM6207LP-45 


Package 


300 mil 24 pin 
Plastic DIP 





(Top View) 


Absolute Maximum Ratings 


Pin Description 
































Item Symbol Rating Unit nae Seer 
Voltage on Any Pin Relative to Vsg Vr —~0.5"1 to+7.0 Vv a seve oes 
Power Dissipation Pr 1.0 W AO oe neers: ; 
ee ee ata Inpu 
+ 
Operating Temperature Topr 0 to +70 x Deut Data Output 
Storage Temperature Tstg —55 to +125 C CS Chip Select 
Storage Temperature under bias Tbias —10 to +85 °C WE ___ Write Enable 
Note) *1. —3.5V for pulse width S 10ns. Vcc Power Supply 
Vss Ground 


Note) The specifications of this device are subject to change without notice. Please contact your nearest Hitachi's Sales 
Dept. regarding specifications. 
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HM6207 Series 


Block Diagram 


AO 


Al 








A2 ~>—- Vcc 
Memory Array 
256 Rows 


1,024 Columns 


A3 ~=— Vss 
A4 
A5 
A6 
A7 


Column I/O 


Column Decoder 


A8 AQ A10 All Al2 Al13 Al4 Al15 Al6 A17 






Din Dout 


Function Table 




















CS WE Mode VcecCurrent  1/O Pin Ref. Cycle 
H x NOT SELECTED Isp. Isp;  HIGHZ ose 
L4H READ Iec Dout | READ CYCLE 
L L WRITE Icc Din WRITE CYCLE 


Note) X means don’t care. 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 





Parameter Symbol min typ max Unit 
Vcc 4.5 5.0 5.5 Vv 
Supply Voltage 
poe nee Vss 0 0 0 V 
Input High (logic 1) Voltage Vin 2:2 _ 6.0 V 
Input Low (logic 0) Voltage VIL —0.5" — 0.8 V 








Note) *1. —3.0V for pulse width S10ns 


DC and Operating Characteristics (Ta = 0 to +70°C, Vec = 5V + 10%, Vss = OV) 











Parameter Symbol min typ! max Unit Test Condition 
Vcc = MAX. 
Input Leakage Current lIp7! _ —- 2.0 A 
p g LI - Vin = Vgg to Voc 
CS=V 
I s = IH 
Output Leakage Current IILo! 10.0 WA Vout = Vgg to Veco 
Operating Power Supply Current: DC Icc — 60 TBD mA CS = Vit 
Iout = OmA 
Standby Power Supply Current: DC Isp — 15 TBD mA CS = Vin 
z 0.02 2.0 CS 2 Vec-0.2V, 
Standby Power Supply Current (1): DC = Igpy PS ee a mA VIN <0.2V or 
- 0.002 0.1 VIN > Vec-0.2V 
Output Low Voltage VOL _ _ 0.4 V IoL = 8mA 
Output High Voltage VOH 2.4 — — Vv Ion = -4.0mA 


Note) *1. Typical limits are at Voc = 5.0V, Tg = 25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 
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——HM6207 Series 











Capacitance (Ja = 25°C, f= 1.0MHz) , 
Parameter Symbol ~ Min Typ Max Unit Conditions 
Input Capacitance Cin — — 6.0 pF Vin = 0V 





Input/Output Capacitance ~Cout _ - 10 pF Vout = 0V 
Note) This parameter is sampled and not 100% tested. 








AC Characteristics (Ta= 0 to +70°C, Vec=5V +t 10%, unless otherwise noted.) 


AC Test Conditions 
@ Input pulse levels: Voc to 3.0V @ Input and Output timing reference levels: 1.5V 


@ Input rise and fall times: 5ns @ Output load: See Figures. 





Output Load (A) Output Load (B) 


+5V (for tyz, tiz, twz & tow) 
+5V 


Dout 


255 Q 


* Including scope & jig. 





Read Cycle 
Address Access Time taa | — | 35 | — | 45 | os | 
Output Hold from Address Change tou Pos {| = f 5 | = | os | 
Chip Selection to Output in Low Z tLz | 5 | - | 5 [| -— | om | iol i eae! 
Chip Deselection to Output inHighZ | ty | 0 | 30 [| oO | 30 | ns | *2,%3,47 
Chip Selection to Power Up Time ee ee ne ee ee ey 
Chip Deselection to Power Down Time tpp | — | 30 | — | 40 | ns | =) 


Timing Waveform of Read Cycle No. 1 








Address 


tou 


OOK mnt KX 
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CHANG S0 7. Serica as a 


Timing Waveform of Read Cycle No. 


#4 # 
24, °6 








_tacs x 





High 


Impedance 


ipp 


Vcc supply 





50%, 


current 


. All Read Cycle timings are referenced from last valid address to the first transitioning address. 
. At any given temperature and voltage condition, t7#77 max. is less than t7 7 min. both for a given device and from 


device to device. 


. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
. WE is high for READ Cycle. 

. Device is continuously selected, while CS = V7;.. 

. Addresses valid prior to or coincident with CS transition low. 

. This parameter is sampled and not 100% tested. 


Write Cycle 


: ae HM6207-35 HM6207-45 
arameter ymbdo 


Unit Notes 


Chip Selection to End of Write tcw | 30 | — | 4 | — | om | 
Address Valid to End of Write taw | 30 | — | 40 | — | os | 
Wie Pabe Wid [te fs | | | 
Write Recovery Time twr TBD a TBD | — | ns | 
Data Valid to End of Write tpw | 2 | — | 23 | — | os | 
Write Enable to Output in High Z | tw, =| | 2 Ts || 23, 4 
Output Active from End of Write tow Foo | = | 0 | = [om | *3, *4 


Notes) *1. 
82. 
*3; 
*4. 


224 


If CS goes high simultaneously with WE high, the output remains in a high impedance states. 

All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
Transition is measured +200mV from steady state voltage with specified loading in Load B. 

This parameter is sampled and not 100% tested. 
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HM6207 Series 


Timing Waveform of Write Cycle No. 1 (WE Controlled) 








Address 























Din Data in Valid 


twz ae tow 







Dout ; 
High Impedance 


Timing Waveform of Write Cycle No. 2 (CS Controlled) 


Address 





Qn a ay ALLLILLLLL LL 


tow 


4 Data in Valid 


twz 


Data Undefined 
High Impedance 
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HM6207 Series 


Low Vcc Data Retention Characteristics (Ta = 0 to +70°C) 
(This characteristics is guaranteed only for L-version) 








Parameter Symbol = min typ. max. Unit 
Vcc for Data Retention VDR 2.0 — — V 
Data Retention Current IcCDR ee 1 50*2 uA 
~ Chip Deselect to Data Retention Time = tcpR 0 ~ — ns 
~ Operation Recovery Time tr trc'! - 2 ons 
Note) *1. tpc= Read Cycle Time *2. Voc= 3.0V 


Low Vcc Data Retention Waveform 


Data Retention Mode 


CS 2 Vec—0.2V 


Test Condition 


CS 2 Vcc - 0.2V, 
Vin 2 Vcc-— 0.2V or 
OV S$ Vin £ 0.2V 
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HM6707 Series Preliminary 


262144-word x 1-bit High Speed Static RAM oe 


@ FEATURES 


e Super fast access time: 20/25 ns (max.) 
e Low power dissipation (DC) operating: 175 mW (typ.) 
e +5V Single supply 


¢ Completely static memory (DP-24NC) 


No clock or timing strobe required 
; ? HM6707JP Series 
e Balanced read and write cycle time 


e Fully TTL compatible input and output 


e Skinny 24 pin DIL plastic package (300 mil) and 24 pin SOJ (300 mil) 
@ ORDERING INFORMATION 


Access Time 





Package 














HM6707P-20 20ns (CP-24D) 
HM6707P-25 25ns 300 mil 24 pin 
HM6707JP-20 Plastic DIP 





@ PIN ARRANGEMENT 
(24 pin DILP) 


20ns 
HM6707JP-25 25ns 


@ BLOCK DIAGRAM 





= 


Memory Matrix 
256 X 1024 


o aon DO oO FF }O 


Column I/O 


() OO (J) eo O) ©) () O O ) 
Ag Az Ag Ayy Ara Arg Arg Ais Are Ai7 
(Top View) 





™ ABSOLUTE MAXIMUM RATINGS 


Rating Unit 
-0.5 to +7.0 V 


Item Symbol 
Terminal Voltage to GND Pin T 
Power Dissipation Pr 
0 to +70 °C 
-10 to +85 2€ 
~55 to +125 *C 


Operating Temperature Range opr 


Storage Temperature Range (with bias) T stg (bias) 


= 


Storage Temperature Range stg 
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HM6707 Series 


@ RECOMMENDED DC OPERATING CONDITIONS (0°C < Ta s 70°C) 





*Pulse width 20 ns, DC: -0.5V 


@ TRUTH TABLE 







Mode 
Not Selected 
Read 
Write 











Output Pin 






m@ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0°C to 70°C, GND = OV) 


Item Symbol 


Input Leakage Current Tu! 


Output Leakage Current Ito 


Operating Power Supply Current Icc 


Average Operating Current lect 


Isp 
Standby Power Supply Current 


Ispi 
Output Low Voltage VoL 
Output High Voltage Vou 
@ AC TEST CONDITIONS 
Input pulse levels: GND to 3.0V 
Input timing reference levels: 1.5V 
Output load: See figure 
Input rise and fall times: 4 ns 
Output reference levels: 1.5V 


Output Load 


Test Conditions 


Vcc = 5.5V, Vin = OV to Voc 

CS = Vin, Vout = OV to Voc 

CS = Vy, Ioyp = OmA 

Min. Cycle, Duty: 100% Inyr = O mA 
CS = Vin. Vin = Vin or Vy 








cs = Vcc -0.2V, 
VIN < 0.2V or VIN 2 Vcc —0.2V 


Io = 8mA 


Ion =-4mA 


e) 
uN 


255Q 


Output Load B 


A (for tHz, tLz, twz, tow) 


*including scope and jig capacitance 


228 
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Max 


F 


: 


120 


we 


coon) 


oN 


Unit 
pA 
pA 
mA 
mA 
mA 


mA 


mA 


HM6707 Series 





M@ CAPACITANCE (T, = 25°C, f = 1.0 MHz) 


Input Capacitance 


Output Capacitance 





NOTE: This parameter is sampled and not 100% tested. 


@ AC CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0°C to 70°C, unless otherwise noted.) 


e Read Cycle 
HM6707-20 HM6707-25 
Item Symbol Unit Notes 
Read Cycle Time tre 





Output Hold from Address Change tou — 


fo ee ea 


NOTES: 1. This parameter is sampled and not 100% tested. 
2. Transition is measured + 200 mV from steady state voltage with specified loading in Load B. 


¢ Write Cycle 

Chip Selection to End of Write tcw | i | — | 20 | — | ms | — 
Address Valid to End of Write two | i | -— | 20 | — | mw | 
Address Setup Time tas fF o | — [| o | = | 8 | — 
Write Pulse Width wwe | 3 | — | 2 | — | om | - 
Write Recovery Time twRr | 3 {| - | 3 | =- | om | — 
Data Valid to End of Write tpw | oe | — | 20 | = | os | — 
Write Enable to Output in High Z twz Pah a a a 2,3 
Output Active from End of Write tow | o | — {| o9 | — | ow | 2,3 
NOTES: _ 1. All write cycle timings are referenced from the last valid address to the first transitioning address. 


3. Transition is measured + 200 mV from steady state voltage with specified loading in Load B. 
4, This parameter is sampled and not 100% tested. 
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HN6707 Series —— 


@ TIMING WAVEFORM 
e Read Cycle (1)(1) 


Address 


Dout Previous Data Valid Data Valid 





¢ Read Cycle (2) (2) 


Dout 





NOTES: 1. WE is high and CS is low for read cycle. 
2. Address valid prior to or coincident with CS transition low. 


3. Transition is measured + 200 mV from steady state voltage with specified loading in Load B. 
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HM6707 Series 





e Write Cycle (1) (WE Controlled) 


twc —__---———— 


= Wi ATT 


t aw + twr—> 









a 


tas-——> 


.<«——. t wp————> 


Stee \ 
WE 
\ 
} <tpy> 
Data In | Data In Valid - 


[1], [2] 
High Impedance 











Data Out Data Undefined 





NOTE: _ |. Transition is measured + 200 mV from steady state voltage with specified loading in Load B. 


e Write Cycle (2) (CS Controlled) 





SS\UUUNNUANNY SE ///1////; 


Data In a Data In Valid 
{1] 


<— twz—> 






A Data Out : Data Undefined 
High Impedance {Data Undefined} High Impedance 
NOTES: 1. Transition is measured + 200 mV from steady state voltage with specified loading in Load B. 


2. If the CS goes simultaneously with WE high, the output remains in a high impedance state. 
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HMGG6G203 Series 


131072-word x 8-bit High Density Static RAM Module 


Features 

@® High Density Industry Standard 32 Pin DIP Mounting 4pcs of 
256k Static RAM (SOP). 

Single +5V Supply. 

High speed: Fast Access Time 100/120/150ns max. 

Equal Access and Cycle Time. 


Low Power | 
Standby: 40uW typ. (L-version) 
Operation: 50mW typ. (f = 1MHz) 
Capability of Battery Back-up Operation (L-version). 
®@ Common Data Input and Output, Three State Outputs. 
@® Directly TTL Compatible: All Inputs and Outputs. 


Ordering Information 








Type No. Access Time Package 
HM66 203-10 100ns 
HM66203-12 120ns 
HM66 203-15 150ns 600 mil 32 pin 
HM66203L-10 100ns DIP 
HM66203L-12 120ns 
HM66203L-15 150ns 


Functional Block Diagram 


CS2 

CSs 

CS« 
1/01-1/08 © 


RAM No. 4 


Truth Table 


Completely Static RAM: No Clock or Timing Strobe Required. 





~ Maintenance Only 


(DM-32) 





Pin Arrangement 


(Top View) 








Mode CSi- WE OE 1/0 Current Note 
Not Selected +] : 
(Power Down) H X Xx High-Z Isp. [sB1 
Read L*2 H L Dout I Read Cycle (1) to (3) 
Wri L*2 L H Din I Write Cycle (1) 
rite . : 
L*2 L L Din I Write Cycle (2) _— 





Note) *1. X: Don’t Care (H or L);i=1, 2, 3, 4 All chips are not selected. 
*2. CSI, CS2, CS3 and CS¢4 pins are used for chip decoding. 
Only one chip should be selected. 
Two or more chips must not be selected at one time. 
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HM 66203 Series 


Absolute Maximum Ratings 


Item 


Voltage on Any Pin Relative to Vsg 


Operating Temperature 
Storage Temperature 
Temperature under Bias 
Power Dissipation 


Symbol Rating 
Vr ~0.5°! to +7 
Topr 0 to +70 
T stg —55 to +125 
T dias —10 to +85 
Pr 1.0 


Note) *1. ~3.0V for pulse width S 50ns 


Recommended DC Operating Conditions (7,, = 0 to +70°C) 


Parameter 


Supply Voltage 
Input High 
(logic 1) Voltage 


Input Low 
(logic 0) Voltage 


Symbol min typ max Unit 
Voc 4.5 5.0 nye) Vv 
Vss 0 0 0 V 
Ving ye _ 6.0 Vv 
Vin -0.5*1 _ 0.8 Vv 


Note) *1. ~3.0V for pulse width S 50ns 
DC and Operating Characteristics (7, = 0 to +70°C, Voc = 5V +10%, Vg = OV) 


Parameter 
Input Leakage Current 


Output Leakage Current 


Operating Power Supply 
- Current: DC 


Average Operating 
Power Supply Current (1) 


Average Operating 
Power Supply Current (2) 


Standby Power Supply 
Current: DC 


Standby Power Supply 
Current (1): DC 


Output Low Voltage 
Output High Voltage 


Symbol 
url 


Viol 


Toc 


Icc1 


Icce2 


Tsp 


TsB1 


VoL 
Vou 


Note) *1. Typical values are at Vcc = 5.0V, T, = +25°C and specified loading. 
*2. CSn; All chips are not selected. 
*3. CSN pins are used for chip decoding. Only one chip should be selected. 
Two or more chips must not be selected at one time. 


m CAPACITANCE (T7, = 25°C, f= 1.0MHz) 


Parameter 
Input Capacitance 


Input/Output Capacitance 


Test Conditions min. typ. *1 max. 
Vin =Vss to Veco = 2 
CSn = Vzzz or OE = V zzz _ 2 
Vivo = Vss to Vcc 
CSN = V 
Ivo = OmA a 10 25 
MIN. cycle 7 42 80 
duty = 100% —_ 37 80 
Tro = OMA _ 35 80 
CSN = Viz, ; 

Vin =Voc 

Vir, = OV _ 10 15 

Ivo =QOmA 

f= 1MHz 

CSn = Vizy _ 2 12 

CSn 2 Voc — 0.2V a 7 = 

Tor = 2.1mA — - 0.4 

Toy = —1.0mA 2.4 _ — 

Symbol Conditions min. typ. 

CIN VIN =0V _ _ 
Cro Vijo = OV = x 


Note) This parameter is sampled and not 100% tested. 
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Unit 
pA 


pA 


mA 


mA 


mA 
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Unit 


cc 


= 


Notes 


“2 


*3 


HM66203/L —10 


HM66203/L —12 


HM66203/L —15 


3 


m2 


HM66203L Series 
HM66203 Series 


max. Unit 
45 pF 
50 pF 


HM 66203 Series 


AC Characteristics (7, = 0 to +70°C, Voc = SV +10%, Vgg = OV) 
AC Test Conditions 





Input pulse levels ................ 00000 0.8V to 2.4V 
+ Input rise and fall times ...............0.. 5ns 
¢ Input and Output timing reference level ....... 1.5V 
SOUIPUTIOAG . a5 Bue Boa abe ieee Pe aes 1 TTL Gate and C, (100pF) (Including scope & jig) 
Read Cycle 
HM66203-10 HM66203-12 HM66203-15 
Parameter Symbol —W-_____-  __ nit 
min. max. min. max. min. max. 
Read Cycle Time a: 100 ——*:120 = 150 - ns 
Address Access Time tAA _ 100 _ 120 — 150 ns 
Chip Select Access Time tacs _ 100 _ 120 — 150 ns 
Output Enable to Output Valid tor _ 50 — 60 - 70 ns 
Output Hold from Address Change ton 10 - 10 — 10 ~ ns 
Chip Selection to Output in Low Z tCLzZ 10 - 10 — 10 — ns 
Output Enable to Output in Low Z tOLZ 5 - 5 - 5 - ns 
Chip Deselection to Output in High Z tcoHZ 0 35 0 40 0 50 ns 
Output Disable to Output in High Z toHZ 0 35 0 40 0 50 ns 


Timing Waveform of Read Cycle No. 1 *2 


Address 


oe KAAS MALLLLLL LL 


lOE 


uy ton 
\\ eh HALLLLLELLL 





Timing Waveform of Read Cycle No. 2 *1,°2,"3,*5 


Address 
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HM 66203 Series 


Timing Waveform of Read Cycle No. 3 *2,°4,*5 








Note) *1. CS1, CS2, CS3 and CS4 pins are used for chip *3. Device is continuously selected, CSN = V7,. 
decoding. Only one chip should be selected. *4. Address should be valid prior to or coincident 
Two or more chips must not be selected at one with CSN transition low. 
time. *5. OE= Vin 


*2. WE is high for read cycle. 


Write Cycle 
HM66203-10 HM66 203-12 HM66203-15 
Parameter Symbol - - - Unit 

min. max. min. max. min. max. 
Write Cycle Time twe 100 _ 120 — 150 _ ns 
Chip Selection to End of Write tow 90 - 100 — 120 — ns 
Address Valid to End of Write taw 90 - 100 — 120 = ns 
Address Set Up Time tas 0 _ 0 — 0 _ ns 
Write Pulse Width twp 75 - 90 _ 110 — ns 
Write Recovery Time twrR 10 - 0 _ 0 — ns 
Write to Output in High Z twHz 0 35 0 40 0 50 ns 
Data to Write Time Overlap tow 40 - 50 _ 60 ~ ns 
Data Hold from Write Time ton 0 _ 0 - 0 _ ns 
Output Disable to Output in High Z tors 0 35 0 40 0 50 ns 
Output Active from End of Write tow B) = 5 _ 5 _ ns 


Timing Waveform of Write Cycle (1) (OE Clock) 


twc 


—_— > 


twR*3 


« a OS 
tf , 
ee el 


csN AAAMAAA LLLL LL 


fAs law 


[ANN 
AK 


bout: SO 
FL TIL ALT ISL i ae 


ie ere 
‘ KEK 


WE 
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HM 66203 Series 


Timing Waveform of Write Cycle (2) (OE Low Fixed)”° 









twc 


- a 





ia PR ANNN oe 
tas OH 
*7 | *8 
Dout eo eee Le 
ELLIE A A IES LAT 
{pw {DH 
_—_— *9 

Din Bey 

Aly A te Ge aS 

Notes) 

*1. CS1, CS2, CS3 and CS4 pins are used for chip decoding. *5. If the CSN low transition occurs simultaneously with 
Only one chip should be selected. the WE low transition or after the WE low transition, 
Two or more chips must not be selected at one time._ output remain in a high impedance ‘ig 

*2. A write occurs during the overlap (twp) of a low CSN *6. OE is continuously low. (OE = 
and a low WE. *7. Dout should be held in phase of Ae written data during 

tet is measured from the earlier of CSN or WE going this write cycle. 
nue to the end or write cycle. *8. Dout is the read data of next address. 

*4. During this period, I/O pins are in the output state. *9. If CSN is low during this period, I/O pins are in the 
The input signals out of phase must not be applied. output state. The input signals which are opposite to the 


output level should not be applied to I/O pins. 


Low Vcc Data Retention Characteristics (7,, = 0°C to +70°C) 
(Data retention characteristics is guaranteed only for HM66203L Series.) 


Parameter Symbol min. typ. _—smax. Unit Test Conditions 
Vcc for Data Retention Vez 2.0 e - VV C812 Vee - 0.2V 
Data Retention Current ICCDR — - 200 pA _ > ; ae 
Chip Deselect to Data Retention Time tcDR 0 — ~ ns 
. ; [1] See Retention Waveform 
Operation Recovery Time tr aa am _ ns 


Note) “1. tpc = Read Cycle Time. 
2 OM: All chips are not selected. 
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HM66203 Series 


Low Vcc Data Retention Waveform 


Data Retention Mode 


aon 


42.00(43.1Smax) 


© 
“ 
Ss 
2 
Nx 
S 
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HMG6G6G204 Series 


131072-word x 8-bit High Density Static RAM Module 


The HM66204 is a high density 1 M-bit static RAM module 
consisted of 4 pieces of HM62256FP/LFP products (SOP type 
256k static RAM) and a HD74HC138FP equivalent product (SOP 
type CMOS decoder logic). 

An outline of the HM66204 is the standard 600 mil width 32 
pin dual-in-line package. Its pin arrangement is completely com- 
patible with 1 M-bit monolithic static RAM. 

The HM66204 offers the features of low power and high speed 
by using high speed CMOS devices. And, the HM66204 makes 
high density mounting possible with no surface mount technolo- 
gy. 

These features make the HM66204 ideally suited for high 
density compacted memory systems. 


Features 
@ High density 32 pin DIP 
— Mounting 4 pcs. of 256k static RAM (SOP; HM62256FP/ 
LFP) and CMOS decoder logic (SOP; HD74HC138FP 
equivalent) 
@ Pin compatible with 1M monolithic static RAM 
@ High speed 
— Fast access time 120 ns/150 ns (maximum) 
@ Equal access and cycle time 
@ Completely static RAM 
— No clock or timing strobe required 
@ Low power standby and low power operation 
— Standby 40 pW (typical) (L-version) 
— Operation 50 mW (typical) (f = 1 MHz) 
@® Common data input and output, three state outputs 
@ Capable of battery backup operation (L-version) 


Ordering Information 








Part No. Access Time Package 
HM66 204-12 120 ns 
HM66 204-15 150 ns 
600 mil 32-pin DIP 
HM66204L-12 120 ns 
HM66204L-15 150 ns 


Absolute Maximum Ratings 








Item Symbol Rating Unit 
Voltage on any pin relative to Veg VT 0.5to+70 V-. 
Operating temperature range Topr 0 to +70 °C 
Storage temperature range Tstg —55 to +125 °C 
Storage temperature range under bias Thbias —10 to +85 C 
Power dissipation Py 1.0 WwW 
© HITACHI 


(Top View) 


Pin Description 
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Pin Name Function 
AO - Al6 Address 
1/O1 - 1/08 _Input/Output 
CS Chip Select 
OE Output Enable 
WE Write Enable 
Vcc Power Supply 
Vss Ground 
~~ NC No Connection 
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HM66204 Series 


Block Diagram 


Decoder 


© Vis 


* 1. RAM No.1-No.4 : HM62256FP/LFP 
*2. CMOS Decoder > HD74HC138FP or 


Mode Selection 
































Mode cS . WE OE 1/0 Current Note 
Not selected (Power down) H X_ X High-Z Ips, Ispy = 
Read L H L Dout Icc Read cycle (1) — (3) 
L L H Din Icc Write cycle (1) 
Write eee een dienes 
L L L Din Icc Write cycle (2) 
Note) X = Don’t care (H or L) 
Electrical Characteristics 
Recommended DC Operating Conditions (Ta z 0 to +70°C) 
Parameter Symbol Min Typ Max Unit Notes 
Ss 77-0 3 5.5 V 
Supply voltage ie 6 0 0 Vv 
3.85 _ 6.0 V A15, Al6, CS 
Input high (logic 1) Voltage V ay PSL pe 
biel aon came af 2.2 — 6.0 V___ Others except A15, A16, CS 
Input low (logic 0) Voltage VIL -0.5 — 0.8 Vv 


DC Characteristics (Ta = 0 to +70°C, Voc = 5V + 10%, Vgg = OV) 





Parameter Symbol Min Typ “1 Max 
Inputleakage current — [Izyl - ~ 2 
Output leakage current lILo! — — Z 
Operating power supply current: DC Icc _ 10 25 
Average operating power supply I = 37 80 
current (1) CCl _ 35 80 
Average operating power supply 
current (2) Iec2 ~ 10 Is 
Standby power supply current: DC Isp ~ 2 12 
Standby power supply current I < 8 400 
(1): DC SB1 
- 0.16 8 
Output low voltage VOL — — 0.4 
Output high voltage Vou 2.4 — — 


Note) *1. Typical values are at Voc = 5.0V, Ta= +25°C and specified loadi 
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Unit 
WA 


vA 
mA 


mA 


mA 


mA 

vA 

mA 
V 


Vv 
ng. 





its equivalent 


Test Conditions Notes 
Vin = Vss 10 VCC 
CS = Vyy or OE = Vay 
Vijo = Vss to Vcc 


CS= Vit 

lio =QOmA 

MIN. cycle duty = 100% —12 
Io =OmA —15 


CS = VIL, Vin = Vec 

Vir = OV, Io =O0mA 

f= 1MHz 

CS = Vin 

CS > Vec-0.2V HM66204L 
A15, Al6 > Voc-0.2V__ Series 

or A15, Al6 <0.2V 


IoL = 2.1 mA 
IoH = —1.0mA 
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HM66204 Series 


Capacitance (Ta = 25°C, f=1 MHz) 























Parameter “Symbol Min Typ Max Unit Test Conditions 
_ Input capacitance Cin ee Ee 45 pF Vin = OV 
Input/output capacitance Cryo = = 50 pF Vio = OV 





Note) This parameter is sampled and not 100% tested. 


AC Characteristics (Ta = 0 to +70°C, Voc = 5V + 10%, unless otherwise noted) 
AC Test Conditions 
























































@ Input pulse levels: @ Input rise and fall times: 5 ns 
0.8V to 4.0V... CS, A15, A16 @ Input and output timing reference level: 1.5V 
0.8V to 2.4V... Other pin except CS, @ Output load: 1 TTL Gate and C, (100pF) 
A15, A16 (Including scope & jig) 
Read Cycle 
- M66 204-12 HM66 204-15 ; 
Parameter SyMDOlL! SS Se SSS ee eee. UIE 
Fe a ee eee ea ea mins max min max 
Read cycle time tre 120 — 150 — ns 
Address access time _ tAA _ 120 — 150 ns 
___ Chip select access time. tacs — 130° = 150 ns 
Output enable to output valid tor _ 60 ~ 70 ns 
Output hold from address change toH 10 — 10 _ ns 
Chip selection to output in low Z tcLz 10 — 10 — Ns. 
Output enable to output i in low Z toLz 5 — 5 _ ns 
Chip deselection to output in high Z tCHZ 0 40. 0 50 ns 
Output disable to output in high Z ~ ton Z 0 40 0 50 ns 








Read Cycle Timing No. 15 


ERC 


— es 


tAA 


ez Vik | ETZZZZITL 
cs wT 7” UML 


tacs 


Read Cycle Timing No. 2°1:*2.°4 


Address 
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HM66204 Series 


Read Cycle Timing No. 3") “> ™ 





Dout ; Data Valid 


Notes) *1. WE is high for read cycle. = 
*2. Device is continuously selected, CS = Vyqy. oe 
*3. Address should be valid prior to or coincident with CS transition low. 








*4. OE= Vy. 
Write Cycle | 
HM 4-12 H - 
Parameter Symbol - eae mmpeede re Unit 
min max min max 
Write cycle time twc 120 _ 150 _ ns 
Chip selection to end of write tcw 100 _ 120 — ns 
Address valid to end of write taw 100 — 120 — ns 
Address setup time tas 0 _ 0 ~ ns 
Write pulse width twp 90 — 110 — ns 
Write recovery time twR 5 _ 5 — ns 
Write to output in high Z tWHZ 0 40 0 50 ns 
Data to write time overlap tpw 50 — 60 _ ns 
Data hold from write time tpH 0 _ 0 _ ns 
Output disable to output in high Z tOHZ 0 40 50 ns 
Output active from end of write tow 5 — 5 — ns 
Write Cycle Timing No. 1 (OE Clock) 
twc . 
twR*2 


co LL a 


s VK CUM 
_ aa 


fAs taw 






he 
IDI TTI TTT a fou 


a ee 
'. =: nD 00 
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HM66204 Series 


Write Cycle Timing No. 2° (OE Low Fixed) 


twc 


cs WA ZYZZZ7T7T7 


Sewecls ius 
ia us AAR a if 


Dout SEEGER SEee en bee en, OND 
FTTLALTISL TL ITTY TAK 
DW DH 


* 8 
Din ; VAN \ M/Z 


AZ LS 1S 





Notes) *1. A write occurs during the overlap (twp) of alow CS and a low WE. 

*2. twR is measured from the earlier of CS or WE going high to the end of write cycle. 

*3. During this period, I/O pins are in the output state. 
The input signals out of phase must not be applied. 

*4. If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition, 
output remain in a high impedance state. 

*5. OE is continuously low. (OE = Vyz) 

*6. Doyt should be held in phase of the written data during this write cycle. 

*7. Dout is the read data of next address. 

*8. If CS is low during this period, I/O pins are in the output state. The input signals which are opposite to the 
output level should not be applied to I/O pins. 


Low Vcc Data Retention Characteristics (Ta = 0°C to +70°C) 
Data retention characteristics is guaranteed only for L version. 





Parameter Symbol Min Typ Max Unit Test Conditions 
CS > Vcc -0.2V 
Vcc for data retention VpR 2.0 - = V Al15, Al6 2 Vac -0.2V 


or A1l5, Al6 <0.2V 


Vec= 3.0V, CS > 2.8V 
Data retention current IccpR — — 200 pA A15, A16 > 2.8V or 
A15, A16 <0.2V 








Chip deselect to data retention time tcpR 0 — — ns 
Sean — See retention waveform 
Operation recovery time tr trc*l — — ns 





Note) *1. tpc = Read Cycle Time. 


Low Vcc Data Retention Waveform 


Vor 22.0V --\---2.2V 


CS2 Vec—0.2V 
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HM66204 Series 


Package Dimensions; Unit: mm (inch) 


47.50(1.870) 
(48.26max. (1.900max. ) } 





















oeEEEESSEEEEE? FEE {ARERR - 
ry (ALAFIA Pe E 
= is lz I al {| uy lz zl Fl A A Al Ei pe 
Zs Ses 
& 
a8 WS 
ais 
2.54(0.100) 1.02(0.040) 
4.70(0.185 ) 0.35 —0.59 
(5.08max. (0.2( 200max. ) } (0.014 —0.023) 
(0.008 —0.014 ) 
15.24 (0.600) 
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HM628128 Series 


HM628128P Serics 


™@ DESCRIPTION 


The Hitachi HM628128 is a CMOS static RAM organized 
128k-word x 8-bit. It realizes higher density, higher performance 
and low power consumption by employing 0.8 wm Hi-CMOS 
process technology. 

It offers low power standby power dissipation, therefore it is 
suitable for battery back-up systems. The device, packaged in a 
525 mil SOP (460 mil body SOP) or a 600 mil plastic DIP, is (DP-32) 
available for high density mounting. 





HM628128FP Series 






@ FEATURES 
e High speed: Fast Access time 70/85/100/120 ns (max.) 


e Low power 
Standby: 10 »W (typ.) (L-version) 
Operation: 75 mW (typ.) 


e Single 5V supply 


e Completely static memory 
No clock or timing strobe required (FP-32D) 
e Equal access and cycle times 
¢ Common data input and output—Three state output m@ PIN ARRANGEMENT 
e Directly TTL compatible—All inputs and outputs 


¢ Capability of battery back up operation (L-version) 
2 chip selection for battery back up 


; 
2 
3 
@ PIN DESCRIPTION 4 
Pin Name Function ; 
Ao-Ap6 Address 7 
I/Op-1/O7 | Input/Output : 
CS; Chip Select : 
CS) Chip Select 
WE Write Enable 
OE Output Enable 
NC No Connection 
Vcc Power Supply 
Vss Ground — 


(Top View) 
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HM628128 Series 


@ ORDERING INFORMATION 


Access 





Package 






















HM628128P-7 
HHM628128P-8 
HM628128P-10 


HM628128P-12 600 mil 
32 pin 
HM628128LP-7 Plastic DIP 


HM628128LP-8 
HM628128LP-10 
HM628128LP-12 


HM628128FP-7 
HM628128FP-8 
HM628128FP-10 


HM628128EFP-12 525 mil 
32 pin 
HM628128LFP-7 Plastic SOP 


HM628128LFP-8 
HM628128LFP-10 
HM628128LFP-12 


@ BLOCK DIAGRAM 


Memory Matrix 
512 x 2048 


Column 1/O 


Column Decoder 


aa 


7] 


i. 


Timing Pulse Gen. 


Read/Write Control 
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HM628128 Series 


@ ABSOLUTE MAXIMUM RATINGS 


Voltage on any Pin Relative to Vg “x __} ster 10 Vv 
Operating Temperature Topr C 
Storage Temperature Tyg aC 
Sterage Temperature Under Bias PC 


NOTE: 1. -3.0 V for pulse half-width < 30 ns 





@ FUNCTION TABLE 


eine 
Not Selected ee 8 
Write 
NOTE: 1. X:HorL 


@ RECOMMENDED DC OPERATING CONDITIONS (T, = 0 to +70°C) 


Parameter ae 
Supply Voltage 


Input High (Logic 1) Voltage 
Input Low (Logic 0) Voltage 


NOTE: 1. -3.0V for pulse half-width < 30 ns 
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HM628128 Series 


™@ DC CHARACTERISTICS (T, = 0 to +70°C, Vcc = 


Parameter Symbol 


ul 


ea 


Operating Power Supply Current: DC jie | = 


Operating Power Supply Current 


Input Leakage Current 


Output Leakage Current IILol 


Standby Vcc Current: DC 


Standby Vcc Current (1): DC 


Output Low Voltage 
Output High Voltage 


NOTE: 1. Typical values are at Vcc = 5.0V, Ta = +25°C and specified loading. 


2. This characteristic is guaranteed only for L-version. 


™@ CAPACITANCE (T, = 25°C, f = 1.0 MHz) 


Parameter 
Input Capacitance 
Input/Output Capacitance 


NOTE: 1. This parameter is sampled and not 100% tested. 


Typ."! 


ww 
wr 





N 


oO 


aN 
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5V + 10%, Vss = OV) 


Unit 


~ 


=| 


Se taaitaiatar 


3 
> 


=| 


3 
> 


pA 





Test Conditions 
Vin = Vss to Vcc 


CS; = Vin or CS) = Vit> 
OE = Vin or WE = Vit- 
Vio = Vss to Vcc 


CS; = Vit; CS, = Vin> 
others = Viy/Viz,, 
Ivo =QOmA 


100%, 
Vin> 


Il 


Min. cycle, duty 
CS, = Vit» CS, 
others = Vyy/Vj,, 
Ivo =QOmA 


Cycle time = Ilys, 
duty = 100%, Io =O mA, 
CS, < 0.2V, CS, = Vcc - 0.2V, 


Vin 2 Vec - 0.2V, Viz, S 0.2V 
CS; = Vin, CS) = Vin 
or CS, = Vit 
Vin = OV, 
CS) = Vcc - 0.2V, 
CS) = Voc - 0.2V or 
OV < CS) < 0.2V 
Io. = 2.1 mA 
Ion = -10mA 


Test Conditions 
Vin = OV 
Vio = OV 
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wn === HIME 28128 Series 


M@ AC CHARACTERISTICS (T, = 0 to +70°C, Vcc = 5V + 10%, unless otherwise noted) 


Test Conditions 


Input pulse levels: 0.8V to 2.4V 

Input rise and fall times: 5 ns 

Input and output timing reference levels: 1.5V 

Output load: 1 TTL Gate and CL (100 pF) 


(Including scope & jig) 


@ Read Cycle 
Chip Selection (CS;) to Output Valid | tcor | — | 70 | — | 85 | — | 00 | — | 220 | 
Chip Selection (CS) to Output Valid | tcon | — | 7 | — | 85 | — [| wo | — | 120 | 
Output Enable (OE) to Output Valid | toe | = | 3s | — | 4 | = | so | = | 0 | 
Chip Selection (CS,) *! *2 to Output in Low Z teh |, OS Oe | ee to | lo 
Chip Selection (CS) *!. *2 to Output in Low Z Te LS Ee aS ee eee 
Output Enable (OE) *! *2 to Output in Low Z ) tore ee Soe OS ee | 
Chip Deselection (CS;) *! *2 to Output in High Z | tz, | o | 25 | 0 | 30 | o | 35 | o | 45 | 
Chip Deselection (CS,) *! *? to Output in High Z | tz | o | 25 | o | 30 | o | 35 | o | 45 | 
Output Disable (OE) *!: *2 to Output in High Z | tow | o | 25 | o | 30 | o | 35 | o | 45 | 
Output Hold From Address Change tou | o | —~ | © | — | o | — | ow] — | 
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Unit 


i] 
n 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
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HM628128 Series 





Read Cycle Timing 
tRC 
Address 
ta 
sl> SONA a } aS 
tLZ1 
tco2 tHz1 


ae ec, tuz0 Ss 
OE NANAANRANANS oz 


oO 
m 


III 
Dout oe pareraa 
tou 


NOTE: 1. tyz and tonz are defined as the time at which the outputs achieve the open circuit conditions and are not referenced to output voltage levels. 


2. At any given temperature and voltage condition, tyz max is less than tz min both for a given device and from device to device. This parameter is sampled and not 
100% tested. 
3. WE is high for read cycle. 
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HM628128 Series 


B Write Cycle 


HM62 8128-8 | HM628128-10 | HM628128- 12 
Parameter Symbol Unit 
Min Max. | Min Max 
Write Cycle Time twe ns 
Chip Selection to End of Write ns 
Address Setup Time ns 
Address Valid to End of Write taw ns 


Write Pulse Width ns 





ns 
Write Recovery Time 


10°! 


| 


Ww 
© 


ns 
Write to Output in"! High Z twuz ns 
Data to Write Time Overlap 


Write Hold From Write Time 


ns 


ns 


2 
<i 
fe : a 
~ in 
Ss uo Sx | oe | a ~1 | 00 eo 
wn * Alon mln z 
a ON 
iS) 
we = 
ae * 
ars on 
hb 
joo) 


oO 
oat 
cu 
al 
Fo 


oo oi o - 


Q 
= 


Output Active From*" End of Write ns 


Write Cycle Timing (1) (OE Clock) 


Address 


. 
R 
S 







a SAO CAA A 
08 LLL LALA S SSNS 


tas*3 


we ee ANQN PALE IEIEL A 


Hout Sok SS SS SSeS 


Ge TELA four inc, 
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HM628128 Series 





Write Cycle Timing (2) (OE Low Fix) 





twc 


Address 









cst 


—_ 


SASS AAR VAN Ab CMS A Mo 


es 
OS I SANSA 





WE 
fee PACS a toH —— 
twuz ° ; 
Dotti’ Sco Ne SN NIKE NES LY 
pthc foie” Jodi fo pe ft I ff \ MAA 
tDW—~ tDH—> “9 
Din 


NOTE: 1. A write occurs during the overlap of a low CS}, a high CS2 and a low WE. A write begins at the latest transition among CS; going low. CS2 going high and WE going low. 
A write ends at the earliest transition among CS] going high, CS2 going low and WE going high. twp is measured from the beginning of write to the end of write. 


. tcw is measured from the later of CS; going low or CS2 going high to the end of write. 
. tas is measured from the address valid to the beginning of write. 


. twR is measured from the earliest of CS; or WE going high or CS2 going low to the end of write cycle. 


aA F&F WwW N 


. During this period, I/O pins are in the output state, therefore the input signals of opposite phase to the outputs must not be applied. 
. If CS; goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state. 
. Dout is the same phase of the latest written data in this write cycle. 


. Dout is the read data of next address. 


Oo on DH 


. If CS} is low and CS3 is high during this period, I/O pins are in the output state. Therefore, the input signals of opposite phase to the outputs must not be applied to them. 
10. This parameter is sampled and not 100% tested. 


11. This value is measured from CS2 going low to the end of write cycle. 


| @) HITACHI 
252 Hitachi America Ltd. ¢ 2210 O’Toole Ave. * San Jose, CA 95131 © (408) 435-8300 


HM628128 Series 


@ Low Vcc Data Retention Characteristics (T, = 0 to +70°C) 


(These characteristics are guaranteed only for L-version.) 


CS; = Vcc - 0.2V. 
Vcc for Data Retention Vor 2.0 Vv CS) = Vec - 0.2V or 
V < CS) s 0.2V V;, 2 OV 
Vcc = 3.0V, Me > OV, 
; CS; = Vcc - 0.2V. 
Data Retention Current I 50"! A ad 
ECpk e CS, = Vee - 0.2V or 
OV = CS) < 0.2V 


: See Retention Waveform 


oS 





Low Vcc Data Retention Waveform (1) (CS; Controlled) 


Data Retention Mode 


Vcec 
45V——- 


2eV-—-— 
Vprt — 


CS1 





Low Vcc Data Retention Waveform (2) (CS2 Controlled) 


Data Retention Mode 





CS2 <= Vec 0.2V 


NOTE: 1. 20 nA max. at Ta = Oto 40°C. 


2. CS2 controls address buffer, WE buffer, CS} butter and OF buffer and Din buffer. If CS2 controls data retention mode, Vin levels (address, WE. OE, CS), 1/O) can be in 
the high impedance state. If Cs; controls data retention mode. CS2 must be CS2 = Vcc - 0.2V or OV < CS2 s 0.2V. The other input levels (addresses, WE, OE, I/O) 
can be in the high impedance state. 
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HM628128 Series 


Package Outline 


DP-32 
41.9(1.650) _ 
32 42.5max.(1.673max.) sy 3 
Lop) 
~ 
Pre had 
oo | © 
oo |= 
| 8 
=| é 
| 63 








5.08max. 
(0.200max.) 






|_ 0.48+0.1 
(0.019 +0.004) 





_ 2.54+0.25 
(0.100 +0.010) 





54min. 


2 
(0.100min.) 
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HM628128 Series 

















FP-32D —~ 
WO 
uw) 
© 
S 
20.45 (0.805) =| 0°~10° 
™ 
© 
E scelare 
rs Seles 
S eae 
ow —_ | WH 
© oF ida 
£ Tilo 
= NZ 
+0.13 
0.22_9 97 
+0.005) JL 
| .0Omax (0009-9 003 






DO 
COO ooo 
+0.10 
0.40_9 os x 


0. 
(0.0167) tne 


0.8(0.031 











1.27(0.050)| . 


10. 12(0.005)@)] o 





(0. 118max) 
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MOS PSEUDO STATIC RAM 
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HMG6GS25G6A Series _ Maintenance Only 


| (Substitute HM65256B) 
32768-word x 8-bit High Speed CMOS Pseudo Static RAM 


= FEATURES 
@ Single 5V (+10%) 
@ High Speed 
Access Time 
CE Access Time ................000% 120/150/200ns 
Address Access Time ................004 60/75/100ns 
(in static column mode) 
Cycle Time 
Random Read/Write Cycle Time ......... 190/235/310ns 
Static Column Mode Cycle Time ........... 65/80/105ns 
Low Power 
175mW typ. Active. 
All inputs and outputs TTL compatible 
Static Column Mode Capability 
Non Multiplexed Address 
256 Refresh Cycles (4ms) 
Refresh Functions 
Address Refresh 
Automatic Refresh 
Self Refresh 
Hidden Refresh 


HM65256AP Series 


m@ ORDERING INFORMATION 


Access Time 


120ns 
150ns 
200ns 





Package 








HM65256AP-12 
HM65256AP-15 
HM65256AP-20 


HM65256ASP-12 
HM65256ASP-15 
HM65256ASP-20 





600 mil 28 pin 
Plastic DIP 












300 mil 28 pin 
Plastic DIP 






# BLOCK DIAGRAM 










Address 
Latch 


Control 


Memoy Matrix 
(256 X 128) x8 








Ar © 





VOvo 





i Column I/O 


Column Decoder 
an bi 
rah {\ 


(Top View) 


1/010 








ee eee ee eee 


Se etiemincediicemticnntice titans teeatibend 


4 Read Write Control 






oq O 
al &l tl 
O 5 O 
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HM 65256A Series 


= TRUTH TABLE 


X Lowy. Hidden Output Buffers must keep Low Impedance State in 
Refresh previous Precharge Cycle. 


Output Buffers must turn off in previous Precharge 
Cycle. 


a 





ral 
fe 


CE Pulse Width = 300u sec. 


Self 
FIga ea 
# ABSOLUTE MAXIMUM RATINGS 


Item Ratings Unit 


= 
se 
c 
an 
ga 
> 
N 


Once Dout Buffers turn off, Output Buffers remain 
in High Impedance State. 


= 
Gi 
CG 


Voltage on any pin relative to Vgg -1.0 to +7.0 V 


Power Dissipation 
T 
T, 





Operating Temperature 0 to +70 °C 


Storage Temperature ste —55 to +125 go 
T dias —10 to +85 °C 


= 


Temperature under Bias 


= RECOMMENDED DC OPERATING CONDITIONS (7, =0 to +70°C) 






Supply Voltage 







Input Voltage 






= DC ELECTRICAL CHARACTERISTICS (Vcc=5V +10%, Tz =0 to +70°C) 








Parameter Test Condition Unit 
Operating Power Supply Current ICC] ‘1/0 ~ 2 . 35 65 mA 
leyc = min. 
Standby Power Supply Current Ispi_ | CE=Vyy, OE = Viyq ae ae mA 
CE 2Vcc - 0.2V 
Standby Power Supply Current IsB2 OE 2 V¢C - 0.2V = | os | oe | mA 
Operating Power Supply Current in a 
Self Refresh Mode fec2 | CE VIL : 
Input Leakage Current oc ee Vcc ~-10 p= |e | KA 
in = 
Output Leakage Current ae ie ee ~10 p= fo | A 
V Toy = 2.1 mA 0.4 Vv 
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HM 65256A Series 


= AC CHARACTERISTICS (Vcc = 5V + 10%, T, =0 to +70°C) 


@ AC TEST CONDITIONS 
O Input Pulse Levels ...0.4 to 2.4V 
O Input Rise and Fall Times ... 5 ns 


@ READ AND WRITE MODE 





O Input Timing Reference Levels ...0.8V, 2.2V 
O Output Timing Reference Levels... Voy = 2.0V, 
VoL = 0.8V 
O Output Load... 1TTL Gate and C; = 100pF 
(including jig and scope) 















































HM65256A-12 | HM65256A-15 | HM65256A-20 . R 
tem ymbo nit ote 
Random Read or Write Cycle Time tRC 190 ee ae set | 310 Ps see ae aie | 
Read Modify Write Cycle Time a en i ee ee ee 
Chip Enable Pulse Width 10000 10000 10000] ns 
Column Address Hold Time from ‘ 
CE going High AH us 
ip E Jutput E 
ring oouwettne er [tooo] | - | sf - | | - | os 
Output Hold Time trom Column ‘ 5 5 
Address OH 7 - 
Write Command Set-up Time twcs 0 Lo eh 0 ns 
Write Command Hold Time tWCH 30 35 — 40 | ons 
Write Command Pulse Width twp 20 cae a 30 pons 
Write Command to Chip Enable Lead 
Column Address Set-up Time for Write | tasp 0 | of; - | of - | as | 
Write Command to Column Address oe 45 10 
Lead Time 'WAL | 
Data In Hold Time for Early Write 30 33 | - | 40[ - | os | 
Data In Hold Time for Late Write 20 | 2 | 0 | ons | 
Data In Floating to Output Enable 0 
Delay Time 'DFO 0 _ nS (4) 
Transition Time (Rise and Fall) tT 3 3 3 50 | ons | (7) 
Chip Enable Pulse Width for Self 
Refresh 'CEF 300 = 300 a 300 = MS 
_ (to be continued) 
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HM 65256A Series 


HM65256A-12 | HM65256A-15 | HM65256A-20 . ‘ 
nit ote 


Chip Enable Pre-charge Time after 
sce or || [ow | - | oe | 
i Las 

1. {OFF (max) defines the time at which the output achieves the open circuit condition. 

2. Write starts with the later of CE or WE going low (exept during a refresh cycle). 

3. If the first write pulse is applied within tcg (min), the second write pulse must be applied after tCE (min). 

4. If input signals of opposite phase to the outputs are applied in write cycle, OE must disable output buffers prior 
to applying data to the device and data inputs must be floating prior to OE turning on output buffers. 

5. Once OE goes high and output buffers turn off in precharge cycle, automatic refresh cycle can start. Output 
buffers remain in high impedance state in automatic refresh cycle. 

6. Output buffers are in high impedance state, and not controlled by OE in self refresh mode. 

7. VIH (min) and Vzy, (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vyyy and V7). 

8. An initial pause of 100us is required after power-up followed by a minimum of 8 initialization cycles. 


@® READ CYCLE inc 


{CE © 


re 
ar 
er KX | 


tas 
———) 
Audiress OOO | 


Item Symbol 





Refresh Period tREF 


Notes: 


CE 








~, 


QOD IOI XII KX 





KKXKKXXKAKK 


7 TEE Oo 


Dn TTT KKM or XXX 


® EARLY WRITE CYCLE) tre 


torr (1) 





CC) MD CCOOCOOOCECCCOCCOCCCCNCOOOOOS 


tas 'CAH 


ee ua a a ate re a Ne 
0.0.0, XA 


(wCH 





{wes 
WE i 


toes tcop 
BR F hae 
4 


oF ae MAA MAA ASA AAS 
= 


twp 


(4) 


tDFo 
Din 
torr )) 


7 
~ CC 
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HM 65256A Series 





@ LATE WRITE CYCLE’ 
-S=aeas, 

Pe 

ade OL OOOOOOOOOOK KKK XK KK KKK KKK KY 


£\ 
tas : 
AR aa A RRO RR TSIM eS aD EE TMD) 





ser 
nie OX ie XXX 
twp 
WE ‘ane 
toes 
» GG ANNNY 
toon Law 
Din ¢tisS 
torr (1) 
\ \ 3 I\I\/AZALS 
Dout 7 / V/AV\/\/ 


@ READ MODIFY WRITE CYCLE?! ; 
. ee 


re 8 J XXXXY 


tas 





paste 4 
we OO TI | KX 
trcs 
4 twP 
we LL LA _ ur 
P| a {ps tonw 
: is as: 
torr (1) 
Dow HH XX) 
@ STATIC COLUMN MOCE READ CYCLE 
(CE ip 
CE 





tas (RAH | 


ECON MIMD COUINACUCUC LUMA AO NONN ANNO NONY 
(CAH tase {Re 
ss Sx 1 a LAUINN 


= DS, 
a 7 
ee 


logs 


al 
pL LT 


aye tee 
ROM ton OOK ttl OOK he OND 
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REESE: 
Dout ELAS AH 


. HM 65256A Series 


@ STATIC COLUMN MODE WRITE cCYCcLe!)-) 





{CE ete Soetoro win a Sa ip 


cn XXX) a XXIII KKK XXIII) 


Sie XO ‘= mM WM [id XXX 
- Sammor V7 
| aati | 
. 2 ae y 
a ce: Cte} 


Din Data | 
\\5 LF Afi fg ee 


Dou ey EEK) { _S 
@® HIDDEN REFRESH CYCLE 


ck - 
eee] 


CCC CIEE COCCUNCCCCCCOMMN NT NCCMOM MONON 

















tas aes 
we OK) es OIA AIK 


{RCS 
naa 





Dout 
Read Cycle Refresh Cycle 


@ AUTOMATIC REFRESH CYCLE! 


ICE a 


(RFH 





{RFS 


oF /7\ VIII TIS IIIT TT 7 


torF( 1} 


TRU: 
Dout LL LL ¥ 


@ SELF REFRESH CYCLE®) 


tCEF {re 
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HM 65256A Series 


@ CAPACITANCE (7, = 25°C, f= 1MHz) 


Item 
Input Pin Capacitance 
I/O Pin Capacitance 


|main| Conditions 
ae eee Re ee 
aes ae ee a 


Note) These parameters are not 100% tested. 
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HMG6G5256B Series 


32768-word X 8-bit High Speed Pseudo Static RAM 


# FEATURES 
Single 5V (+10%) 
@ High Speed 
Access Time 
CE Access Time ............... 


Address Access Time ............. 


(in Static Column Mode) 
Cycle Time 


Random Read/Write Cycle Time .... 160/190/235/310ns 
Static Column Mode Cycle Time ..... 


Low Power 

175mW typ. Active. 

All inputs and outputs TTL compatible 
Static Column Mode. Capability 

Non Multiplexed Address 

256 Refresh Cycles (4ms) 

Refresh Functions 

Address Refresh 

Automatic Refresh 

Self Refresh 


# ORDERING INFORMATION 


HM65256BP-10 
HM65256BP-12 
HM65256BP-15 
HM65 256BP-20 


HM65256BLP-10 
HM65256BLP-12 
HM65256BLP-15 
HM65256BLP-20 


HM65256BSP-10 
HM65 256BSP-12 
HM65256BSP-15 
HM65256BSP-20 


HM652S56BLSP-10 
HM65256BLSP-12 
HM65256BLSP-15 
HM65256BLSP-20 


HM65256BFP-10T 
HM65256BFP-12T 
HM65256BFP-15T 





HM65256BFP-20T 

HM65256BLFP-10T 100ns 
HM65256BLFP-12T 120ns 
HM65256BLFP-15T 150ns 
HM65256BLFP-20T 200ns 


100/120/150/200ns 
. .80/60/75/100ns 


. .55/65/80/105ns 


HM65256BP Series 


HM65256BSP Series 


(DP-28N) 
HM65256BFP Series 


Package 


600 mil 28 pin | 
Plastic DIP (FP-28DA) 


# PIN ARRANGEMENT 





300 mil 28 pin 
Plastic DIP 


28 pin 
Plastic SOP 





(Top View) 
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HM65256B Series 


# BLOCK DIAGRAM 


Address Memury Matrix 
Latch (256 X 12818 


Control 


Input a Column 1/0 


Data 
) a 
x "A 





# TRUTH TABLE 


x High Z Write 


om 


xi rie 


Refresh 


# ABSOLUTE MAXIMUM RATINGS 


Item Rating Unit 


oitirie 
° 








|Rating 
Terminal Voltage with Respect to Vgg Vr Vv 
Power Dissipation Pr Po WwW 
Operating Temperature Topr “C 
Storage Temperature a —§5 to +125 °C 


Storage Temperature Under Bias T bias | —10 to +85 =¢ 


= RECOMMENDED DC OPERATING CONDITIONS (7, = 0 to +70°C) 


V 4.5 5.0 5.5 
V 


CC 

Ss 

IH 
Vit 









Supply Voltage 


Input Voltage 
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HM65256B Series 


= DC ELECTRICAL CHARACTERISTICS (T, = 0 to +70°C, Voc = 5V +10%) 


























































Pamaneise Symbol Test Conditi HM65256B Series | HM65256BL Series 7 

te) est Conditions nit 
nin [| max min [vp | me 

Operating Power Tyo = OmA 

Supply Current tec! teye = min. 35 | 65 35 | 65 |mA 

Standby Power TsB1 CE = Vins, OE = Vigy 1 2 1 mA 

Supply Current Isp2__| CE>Vec—0.2V, OE> Voc-0.2V —e 0.05 mA 

Operating Power Supply Icc2 CE= V1H, OE = VIL 06 | 1 mA 

Current in Self Refresh Mode Icc3_| CE>Vcec-0.2V, OE <0.2V a | - | - | 50 | 100 | in 

| 

Input Leakage Voc = 5.5V 

Current Vin = Vs to Voc —10 10 | —10 10 | vA 

Output Leakage OE = Vin 

Current Vio = Vss to Voc —10 1G |: =10 10 | uA 

V To, =2.1mA 
Output Voltage Of of ie | - | -[o4] - | - [04] Md 








= CAPACITANCE 


Item 












a 
Cio V1107 OV a 


Note) This Parameter is sampled and not 100% tested. 


Input Capacitance 










Input/Output Capacitance 





m AC CHARACTERISTICS (7, = 0 to +70°C, Voc = 5V +10%) 
® AC Test Conditions 


Input Pulse Levels................0.004 2.4V,0.4V 

Input Rise and Fall Times ................... 5ns 

Timing Measurement Level .............. 2.2V,0.8V 

Reference Level ........... Vou =2.0V, Vo, = 0.8V 

Output Load .................. 1 TTL and 100pF (including scope and jig) 

ae HM65256B-10 | HM65256B-12 | HM65256B-15 | HM65256B-20| | 

Radom Read or Write Cycle Time tRC | 160} - | 190} - | 235] - | 310 faa as ns 
ial ee ee 
Chip Enable Access Time frcea_| =| 100, = [a0 [= [150 [=| 200] 
Address Access Time iaa_ | = | Sof - | oof = [1S = | 100] as 
Output Enable Access Time toca | =| 40] - | sof - | 60 = [73] ms 
Chip Disable to Output in High 2 |rowz | _- | 25; - | 25| - | 30| - | 35[ ms 
Chip Enable to OutputinLowZ —_[rcuz | 30[ - | 30] - [38] - [40] = [ms 
Output Enable to OutputinLowZ |tonz | 10; - | 10] - [ 10] - | 10] - [ns 
Output Disable to OutputinHighZ [tonz | - | 25] - | 25) - | 30]; - | 35} ns 
Chip Enable Pulse Width tCE 100n 120n | 4m | 150n | 4m | 200n | 4m | 5 
Chip Enable Precharge Time ie {| sof - | 60] - | 75] - | 100{ - [ms 
Row Address Hold Time iran | 20| - | 20; = [2s = | 30] = [as 
Column Address Hold Time 100 po = | 120 | - | 150] - | 20} - | ns 
SS eee ae a a Ma a 
Read Command Hold Time ecw | of = [| of - | of = [oy] = [as 
Time 
elie i 
Wite Command Fuse Width rwe |_| - [| 2|- | 30[ - | 35] - [ms 
Chip Enable to End of Write tcw 100 ae 120 eee | 150 pee 200 oe ns 
Coluran Address Setup Time [tasw | 9] - | o[ - | o| - [ 0] = [m 


inued) 


-* 


(to be con 
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HM65256B Series 


~” 
< 
3 
Ss 
9. 
= 
nN 
LF) 
N 
Le, 
nN 
va 
ps 
j=) 
je) 
= 
nN 
an 
wv 
wer 
On 
- 
pone 
Ww 
o 
K4 
ON 
Lo) 
wv 
WD 
nN 
wW 
ne 
Lo) 
ee) 
x 
ON 
Lo) 
Ww 
L74) 
OA 
Y 
fwd 
jon) 


Item 


Ol te 


-—_ 
ON A wv 
oS © w fa) 
-— 
oO 
=| OE f= 
wl & {oO ww N 
oO} oT}To So w im) oO 


eo 

fan) 
—y 
© 
oO 
So 
So 


Column Address Hold Time after Write |tapyw 


Data Valid to End of Write tow ns 
Data In Hold Time for Write ns 
Output Active from End of Write tow ns 
Write to Output in High Z ns 


Transition Time (Rise and Fall) T 
Refresh Command Delay Time 
Refresh Precharge Time 


Refresh Command Pulse Width for 
Automatic Refresh 


Automatic Refresh Cycle Time 


Refresh Command Pulse Width for Self t 
Refresh FAS 


Refresh Reset Time for Self Refresh teRS 
Refresh Period 


S 


~ en St he ntl 
3) y) = 
ns a 


000 


io) 


we w 
— — Ww we 
Wj vw 
= 
a 


10000} ns 


ns 


4 


100 1000 ns 


ns 
ms 


—" 
oS 
So 
[ao] wT} we 
cr) S| wa 
_— 
© 
id © N 
Ww fa) Ww ~ id 
174) fm) iv.) Wy} Ww wn wn 


e 
x 


Notes: 


(1) 
(2) 
(3) 
(4) 
(S) 


(6) 
(7) 


tonz,toHz and twyyz define the time at which the output achieves the open circuit conditions. 


'CLZ> tozz and tow are sampled under the condition of tp=Sns, and not 100% tested. 

A write occurs during the overlap of a low CE and low WE. 

If CE goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state. 
If input signals of opposite phase to the outputs are applied in write cycle, OE or WE must disable output buffers 
prior to applying data to the device and data inputs must be floating prior to OE or WE turning on output buffers. 
Vig (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are meas- 
ured between Vy; and V7,. 

An initial pause of 100us is required after power-up followed by a minimum of 8 initialization cycles. 


= TIMING WAVEFORMS 
@ Read Cycle Na. 1 (CE controlled) 


tke 





tAS 


At XRT KKK KKK KKK KEKE HARK KEEN 


pana! 
Address YX» ty} ) 





tAs 






XX KXXXKXX 


As~ Ais /\LN 
trRCS tRCH 
ee 


wE7///7/} i KAA 


| i = 


° L/\/\/\/ 
Dout XXX He out PKA XP 
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HM65256B Series 
@ Read Cycle No. 2 (OE controlled) 


tre 


ey Ie ion 
i 
SRSA { XR ERROR KARO 
tAs 
re 
Avra DOOM [PX 
tRCS {RCH 


we 77) ER ANNAN 
OE aan TTT ITT 


on tone tens 


VY i : 
Du C0000 CSS 222s Ss 





@ Write Cycle No. 1 (OE Clock) 


tRc 


tcE tp 


CE ae 


ie XW Oo acco XXEX 





NZ 


~ 





tas 





omg 
Add VV/\/ V/\JAV\/ 
Ax a XXX X c 06.0, 
tew : taHw ia 


WE a 


tocn 


oe sic se eae 
" [ot — - 


Dout aVarars AIVAAAIAAIALIAL 
S/S VY A/V/V/V/V VV VV 
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HM65256B Series 


@ Write Cycle No. 2 (OE low fix) 


tre 


' a 
Awa KY icieceahmuasiocsnammanecntt XXX 


c_AANNAANNAAANANNANNAANY Sameer cere 


Din a} ne /\/\ 


ee v0, 
twuz 


WIIVIIANALININNAL LVS 


Dout VYVY YY YYY YYW YY 


e Static Column Mode Read Cycle 


trc 


2 
Address 


Ao AT XX A OOOO KI KAKA AK KAN 





tas tCAH tRSC RSC 
Add VA /\/ _—————— yl ' VAS YVV/SYV/ 
AB Ald DKXX i 7 ine K KX XXXKKK 
twos | tRCH 


' wT de oy 
oe _ CAILLAT 


apo 2 
Dou EOE OE 
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HM65256B Series 
® Static Column Mode Write Cycle 


{RC 


= ee 
S| | 
Address XXX) iT 


padres: COCCKECLECEOMOCCCECCECCEN EOE 








tas 





Address YX 
A8~Al4 AAA 











{Semper oe ae ey ee Ht ta 
7 TO sD a / 
OF TT a Pes 

Din eS Gan In 


2 VV VVVVV Vw 


e Automatic Refresh Cycle 





© Self Refresh Cycle 
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HUuNCS81i28 Series II 


131072-word x 8-bit High Speed CMOS Pseudo Static RAM 


The Hitachi HM658128 is a pseudo-static RAM organized as HM658128P Series 
131,072-word x 8-bit. HM658128 realizes low power consump- 
tion and high speed access time by employing 1.3um CMOS 
process technology. 

The HM658128 supports 3 refresh functions: Address Refresh, 
Auto Refresh and Self Refresh. Low power version dissipates 
only 0.5mW (typ.) in Self Refresh Mode and retains the data with 
battery backup for short time. 

The HM658128 is pin-compatible with 256k-bit PSRAM and 


static RAM. <DEs22) 
HM658128FP Series 

= FEATURES 

@ Single 5V (+10%) 

@ High Speed 


O Access Time 
CE Access Time . . . 100/120/150ns 
O Cycle Time 
Random Read/Write Cycle Time. . . 180/210/250ns 





@ Low Power ... 200mW typ. (Active) 
0.5mW (standby) (L-version) 

@ All inputs and outputs TTL compatible 

@ Non Multiplexed Address 

@ 512 Refresh Cycles (8ms) Aas 

@ Refresh Functions An 
Address Refresh Av 
Automatic Refresh Ar 
Self Refresh As 

As 
# ORDERING INFORMATION Ay 


HM658128P-10 
HM658128P-12 
HM658128P-15 


HM658128LP-10 
HM658128LP-12 
HM658128LP-15 


600 mil 32 pin 
Plastic DIP Au 


1 Oo 





10 
1IM658128FP-10 100ns 
HM658128FP-12 120ns 1 Oz 
HM658128FP-15 150ns 32 pin Plastic Vie 
mucsguateetg [19am | SF os 

- 120ns 
HM658128LFP-15 150ns = PIN DESCRIPTION 


Symbol Pin Name 
AO — Al6 Address Inputs 
I/O — 1/07 Data Input/Output 


RFSH Refresh 
CE Chip Enable 
OE Output Enable 
WE Write Enable 
CS Chip Select 
Vcc Power Supply 
Vss Ground 
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HM658128 Series 


# BLOCK DIAGRAM 


® TRUTH TABLE 












MEMORY MATRIX 





(512 X 256) XB 


Timing Pulse Generator 
Read Write Control 








CE CS at CE going Low Mode 
L aa eee Read 
L aes | ee Write 
L es | Ses = 
L CS Standby 
H Refresh 
H Standby 
# ABSOLUTE MAXIMUM RATINGS 
jem or 
Terminal Voltage with Respect to Vgg —1.0 to +7.0 Vv 
Power Dissipation 1.0 W 
Operating Temperature i 
Storage Temperature —55 to +125 °C 
Storage Temperature Under Bias —10 to +85 =C 
= RECOMMENDED DC OPERATING CONDITIONS (7, = 0 to +70°C) 
item een ee er ee 
a V 
ee Oe 
Vin ee ae a ee ee ee Vv 
pe sahaonis vy | -10 [| - | o8 | V 
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HM658128 Series 





m DC CHARACTERISTICS (7; = 0° to +70°C, Voc = 5V 10%) 











Parameter | Symbol | Test Condition | min. | typ. | max. | Unit 
anaes ee a | | 40 | as | ma 
ei RP -[+{[z|™ 

CE > = 
=a tam” | Fra SVgo-aav | ~ [100 | 200 | an 
Operating Power = ae 


= Vin 
RFSH = Viz 


Supply Current in Self Refresh Mode +4 CE 2 Voc -0.2V 
| nee ; 100 200 

!ces RFSH <0.2V sal ss 

in~ "SS CC 

OE = 
So 
Vou Toy= 2.1mA ae ee ee 
Suuewalk | Vou 

ice YO aS 


Note) *1. This characteristics is guranteed only for L-version. 
™ CAPACITANCE (7, = 25°C, f= 1MHz) 
Item Symbol Test Condition max. Unit 


Input/Output Capacitance Vio =0V pm 10 pF 





Cy 
m4 
ii: 


Note) This Parameter is sampled and not 100% tested. 


m= AC CHARACTERISTICS (7, = 0 to +70°C, Voc = 5V + 10%) 
@ AC Test Conditions 































































| 
\o 
—) 


Chip Enable Precharge Time ns 
‘Address Set-up Time 
Address Hold Time 

Read Command Set-up Time 
Read Command Hold Time 
RFSH Hold Time 


Refresh Command Delay Time (Standby Mode) tRCD 


Input Pulse Levels = ........... 2.4V,0.4V 

Input Rise and Fall Times ........... 5ns 

Timing Measurement Level ........... 2.2V,0.8V 

Reference Level .............020 00> Von =2.0V, Vo, =0.8V 

OUIpUE LOA: ck Sa ee wesw aa 1 TTL and 100pF (including scope and jig) 

ie Syibol HM658128-10 | HM658128-12 | HM658128-15 Unit 
in. [_max. | min, [ max. | min. | max. 
Random Read or Write Cycle Time _ 210 _ ie ao ns 
Random Read Modify Write Cycle Time ~ 280 ~ 330 be ns 
Chip Enable Access Time 100 — 120 | — | 150 | ns 
Output Enable Access Time 30 — 40 ns 
Chip Disable to Output in High Z 30 = 35 40 ns 
Chip Enable to Output in Low Z 30 ~ 35 — ns 
Output Disable to Output in HighZ | - | 2 | - | 30 | - | 35 | ns 
Output Enable to Output in Low Z Sees 5 - ns 
Chip Enable Pulse Width 120n | Im | 150n | Ip s 
POs 


> 
GE 


ns 
ns 





ns 


[reg | 
| 0 | 


ns 








TT 
ia ee 
ea ee 
asl en 
eae 
Ee 

ed 


= 
re 

0 
eer 
Ere ie 


ns 


ns 


a 
a: 
i 


(to be continued) 
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Notes: 

(1) toyz, toyz and twrz define the time at which the 
output achieves the open circuit conditions under the 
condition of t7 = 5ns and not 100% tested. 

(2) tcHz, tCLz, toHZ, tOLZ, twHz and tow are sampled 
under the condition of t7 = Sns and not 100% tested. 

(3) A_write occurs during the overlap of a low CE and low 
WE. Write end is defined at the earlier of WE going high 
or CE going high. i 

(4) If CE goes low simultaneously with WE going low or 
after WE going low, the outputs remain in high im- 
pedance state. 

(5) If input signals of opposite phase to the outputs are 





# TIMING WAVEFORMS 
@ Read Cycle 


HM658128 Series 


= HIM656128-10 a 
Chip Select Set-up Time Erne ee ee ee ee 
Chip Select Hold Time (ieee 80 de | ase fe eae 
Write Command Pulse Width re OO ie Se | AO 
Chip Enable to End of Write tow 100 ae we ea ns 
Data In to End of Write aes el a 
Data In Hold Time for Write toy | of - | of - {[ of - | ns 
Output Active from End of Write tow | 5 | - | 5s | - [| 5 [ - | ns 
Write to Output in High Z Sea OR 
Transition Time (Rise and Fall) ns 
Refresh Command Delay Time | trep | 70 | - | 80 | -~ | 90 | - | ns 
Refresh Command Pulse Width for Automatic ‘trap | 80n | 84] 80n | Su] 80n| Bu, 
Refresh FAP “ F gs ie 
Automatic Refresh Cycle Time tro 180 eter 210 [see i 250. fae. 4 ns 

_ Refresh Command Pulse Width for Self Refresh | tras SS eae eS eS es S 
Refresh Reset Time for Self Refresh tRFS 180 p= | 210 a 250 yen ns 
Refresh Reset Time for Automatic Refresh 7 ee ee ee ee ee ee ae ae ns 
Refresh Period (512 eycle cra a ne a 


applied in write cycle, OE or WE must disable output 
buffers prior to applying data to the device and data 
inputs must be floating prior to OE or WE turning on 
output buffers. 

(6) Vyz; (min) and Vj; (max) are reference levels for 
measuring timing of input signals. Also, transition times 
are measured between V yy, and V7;. 

(7) An initial pause of 100s is required after power-up 
followed by a minimum of 8 initialization cycles. 

(8) After Self Refresh, Auto Refresh should be started with- 
in 15ys. 


ERC 


—— 
tcss 
Leen] 


RNa 






Address 
Ao~Ai6 


- 
WE ITI. 


ve MESS 


se 
ne een ee 


Dout 








trCH 
Eee 


RQ XA\ 
NTT TTT 


mo KKK KKK AAAI AKA 


tcuz 


0 a 2 
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HM658128 Series 


@ Write Cycle-1 (OE Clock) 





ERC 
ICE 








CE tp 
tcss — 
cs 77 | seeannnneeanenesy Mea 
see OCT ERX KX KK KIRN RK KXKOERHN 
WE 
" ee 
— XR 
Din tWHZ {| tCHZ 
| | tCLz | | tow 
- Hy AYAVAVAVAYAYANAYA 
Write Cycle-2 (OE Low Fix) 
: : | 
Ss TT fi SATAN 
ie XXX) a KOK KK KK KKK XXX KKK KAM 
. ae remnant |e 
- Sues enna: 
- On 0 
7 AAA 
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HM658128 Series 


@ Read Modify Write Cycle 
= y/ 
cs sac | cece i ee 
ne ee a KXXXXXXKKK ee XXX 
At es 


Cel 
= EE LILLE 


ei Se 


a lo ee 


@ Automatic Refresh Cycle 
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‘VIDEO MEMORY 
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HMS53051P——Preliminary 


262144-word x 4-bit Frame Memory 


HM53051P is a 262,144-word x 4-bit frame memory, using 
most advanced 1.3um CMOS process. It performs serial access by 
internal address generator. 

It offers high speed cycle time, 60 ns (min). As input data and 
output data are written or read in any cycle synchronized with a 
system clock, and the delay between them is arbitrary, Y/C sepa- 
ration or freezed picture is realized easily in 4fsc NTSC digital TV 
or VTR systems. Also, it performs random access by 32-word 
x 4-bit data block. By this function, picture in picture or multi- 
plexed picture is displayed with ease. 





Features 
@ 262,144-word x 4-bit serial access memory 
@® Organized with dual ports 


Serial input x 4-bit 
Serial output x 4-bit 
@ High Speed 
Read/Write Cycle Time................. 60ns (min) 
PVCCOSS TAME: -... 26s me¥ anh th Rl Se ee ee no 40ns (max) 


@ Semi-synchronous Read/Write Cycle 
@ Low Power 

PCCIVG: 6 Seva As BE oe Se a es es 200mW (typ) 
@ Random Access per 32-word x 4-bit (Top View) 
@ External Refresh Control is unnecessary 





Pin Description 


Block Diagram Din Data Input 
. Dout Data Output 

OE Output Enable 

TAS Transfer Address Strobe 
External Coane Memory Array | pecs SS 
Register ae 262,144 x4 CGW Clock Gate (Write) 

CGR Clock Gate (Read) 
SAD _ Serial Address 
SAS Serial Address Strobe 

ee WE Write Enable 


=o Column Decoder 


i Eweted Refresh eer zz! rnd 


& 
Timing Generator Read a Fe Data 
a Fe 


— IMAM 


Shift Shit Res Shift Register 


aa ee Lexy “/ 


© © © © Oodda 
OE Dout0 Dout2 Dind Din2 WE 
Doutl Dout3 Dinl Din3 





Note) The specifications of this device are subject to change without notice. 
Please contact Hitachi’s Sales Dept. regarding specifications. 
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HM53051P 


Functional Description 


Serial access memory with I/O separated @ Write cycle by CGW 

Read cycle and write cycle of ,HM53051 can be Write data are taken in at the falling edge of the 

operated independently synchronized with a system system clock CLK when CGW is low. If CGW is 

clock. It realizes time compression or expansion for high, HM53051 does not enter write cycle (cycle 

picture in picture in digital TV, for example. time is defined by system clock cycle time). Time 
compression is realized easily with CGW. 








@ Read Cycle by CGR 
Read data are put out at the falling edge of the time is defined by system clock time). Time expan- 














system clock CLK when CGR is low. If CGR is sion is realized easily with CGR. 
high, HM53051 does not enter read cycle (cycle 









ee eee ee 
Dn XXK Patt KXK at? KY) 


Random Access 

The HM53051 is also capable of random access by Flag), WF (Write Flatg) and MF (Mode Flag) are 
serial address input, SAD. Random access by the read into by SAD synchronized with SAS. In order 
unit of 32-word x 4-bit is performed, when TAS is to output data continuously, the address specified 
low after read address (ARO — AR12), write address by SAD incrments automatically. 

(AWO — AW12) and mode setting flags, RF (Read 


sap ance XXX awie XXX arn YXYCawa XX aro YC Awe YK RY we Me 






Mode Programming 
Operation mode in HM53051 is programmed by the combination of SAD 5-bit. 


MF WF RF AWO ARO Mode 
0 0 0 x x Write/read address asynchronous transfer 
0 0 1 x x Write address asynchronous transfer 
0 1 0 x x Read address asynchronous transfer 
0 1 1 x x — 
1 0 0 x x Write/read address synchronous transfer 
1 0 1 x x Write address synchronous transfer 
1 1 0 x Xx Read address synchronous transfer 
1 1 1 1 1 System reset 
1 1 1 0 0 
1 1 1 0 1 Inhibit 
1 1 1 1 0 
Note) x means Don’t care. 
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Read/Write Address Asynchronous Transfer Mode 
@ Read address asynchronous transfer mode 
(1) Read address asynchronous transfer mode (1) (CGR: Low) 


1 2 me 31 32 33 63 64 65 


ex ese et LIFLILI ee 1 Ll 
— Spach eres 


CRO - - 


pout — XXX - - ---- XDI YKb2 --- psi} se KIN v2 


Add AR Add AR+1 








Note) The data block at read address AR, specified by SAD, is put out starting from the 32-nd system clock after the falling 
of TAS. . . 
(2) Read address asynchronous transfer mode (2) (CGR: High) 
1 2 3, — . 2B 32 





----- yy XX__D2_ XW ur_D4_ 


Add AR 


Notes) *1. The data block at read address AR, specified by SAD, is put out starting from the 32-nd system clock after 
the falling of TAS. | 
*2. If CGR is turned to low after 33-rd clock from the falling edge of TAS, the data at read address AR (D2, D3, 
D4... ) are put out synchronously with CLK while CGR is low. 





@ Write address asynchronous transfer mode 
(1) Write address asynchronous transfer mode (1) (CGW: Low) 


Add AW +1 





Note) The data block at write address AW, specified by SAD, is taken in starting from the 1-st clock after the falling of 
TAS. 


(2) Write address asynchronous transfer mode (2) (CGW; High) 
1 2 3 31 32 33 34 35 36 


om “LELFus LILI LS LS Ll) LS La 


0 a ee, a aa | 
COW tt Tf 


Din YAK - ----- XARA D1 XXX D2 XXX D3 AM __ YA 
Add AW 


Note) If CGW is turned to low after falling of TAS, the data block at write address AW is taken in synchronously with 
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Read/Write Address Synchronous Transfer Mode 
@ Read address synchronous transfer mode 


Add ARN Add ARN+1 AR 





SW 1 TA QED TA ETD 1) ETD (DEED 4 OTD 14 EA CH CDE GND 0 (SD. DT 


Note) When TAS turns to low, the data block at read address AR, specified by SAD, is put out after the data block at the 
present read address ARN, and the next address ARN+1 is put out. 


@ Write address synchronous transfer mode 


TOUR: |S Roan ARIA 


Add AW Add AW +1 





Note) When TAS turns to low, the data block being written is taken into write address AW. 


System Reset Mode 


System reset mode is the same as read/write address asynchronous transfer mode except that read/write 
address are reset to 0. 


@ System reset by SAD 


Note) System reset mode starts when MF, WF, RF, AWO and ARO are all high. 


@ System reset by SAS and TAS 





Has Nessie reset mode 


Note) System reset mode starts when both SAS and TAS are low at the falling edge of the CLK. 
@ 1 field delay 


Note) 1. Field-delayed data are put out, when CGR and CGW turn to high before system reset at the beginning of every field, 
and turn to low simultaneously after 33-rd clock from system reset. 
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Considerations on Using HM53051 
@ {Input/output data of less than 32-word, inread/ © The input data are not read out immediately. 


write address asynchronous transfer mode or sys- 
tem reset, are not written or read out. The data 
are written or read out by the block of 32-word 
x 4-bit. Input data of less than 32-word are not 
written in write address asynchronous transfer 
mode or system reset. When asynchronous read 
address transfer mode or system reset mode is 
activated, output from present data block will 
continue. When output data from present data 


The data (32-word x 4-bit) are written into the 
memory array in the following 32-cycle after 
they are taken in. 

They can be read out only after writing into 
memory array is completed. If read address 
transfer mode is programmed after 33-rd clock 
from input data block, new data can be read out. 
If mode is programmed before 33-rd clock, new 
data or old data are put out. 


block are over, next data block of less than 32- 
word is not read out. 


(1) Read/write address asynchronous transfer mode 


CLK 


cycle 


TAS 


(Write Address ! (Read Address 
AN) AN) 


Dout 





Dout of 


Din of “ Writting on Reading from 
| Address AN | Address AN 7 Address AN | Address AN 
(2) Read/write address synchronous transfer mode 
ples eee ee eee ee re 


(Read Address 
(Write ei AN) 


Din of Writting on 
Address AN Address AN 


es Reser LR 


Dout of 
Dout of Reading from Address 


| Address AR | Address AR+1 | AN 





@ Mode programming @ Address should be set by read/write address 
Mode should not be reprogrammed with in 32 asynchronous transfer or system reset after 100 
clocks from previous mode programming or pus from power on. 
system reset. 
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Absolute Maximum Ratings 


Parameter Symbol Rating Unit 
Voltage on Any Pin Relative to Vgg VT -1.0 to +7.0 V 
Power Dissipation Pry 1.0 W 
Operating Temperature Topr 0 to +70 = 
Storage Temperature Tstg ~55 to +125  @ 
Storage Temperature (under bias) Tbias -10 to +85 =C 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 














Parameter Symbol min typ max Unit 
Vcc 45 5.0 5.5 Vv 
Supply Voltage 
Vss 0 0 0 Vv 
VIH 2.4 ~- 6.5 Vv 
Input Voltage 

VIL -1.0 - 0.8 Vv 

DC and Operating Characteristics (Ta = 0 to +70°C, Voc = 5V + 10%, Vgg = OV) 
Parameter Symbol Test Conditions min typ max Unit 
: Min. cycle, 
Operating Power Supply Current Icc lout =O mA _ 40 60 mA 
Vec=55V 
Input Leakage Current Ip Vin = Vgg to Voc -10 — 10 BA 
OE= VIH 
Output Leakage Current ILo Vout = Vsg to Voc -10 — 10 BA 
Vv Io, = 4.2 mA _ _ 0.4 Vv 
Output Voltage ob Be 
VoH Ion = -2 mA, 2.4 ~ ~ Vv 
Capacitance (Ta = 25°C, f = 1.0 MHz) 
Parameter Symbol Test Conditions min typ max Unit 
Input Capacitance Cin Vin=0V — — 5 pF 
Output Capacitance Cout Vout =0V — ~ 7 pF 
Note) This parameter is sampled and not 100% tested. 
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AC Characteristics (Vcc = 5 V + 10%, Ta = 0 to +70°C) 


AC Test Conditions 


@ Input and output timing reference levels: 1.5 V 


Input pulse levels: Vgg to 3 V 
Input rise and fall times: 5 ns 
Output Load: 2 TTL + 50 pF 


(Including scope and jig) 


Parameter 


System Clock Cycle Time 
CLK Pulse Width 


Access Time from CLK 

Output Hold Time 

Output Enable Access Time 
Output Enable to Output in Low Z 
Output Disable to Output in High Z 
CGR Setup Time 

CGR Hold Time 

CGW Setup Time 

CGW Hold Time 

Write Command Setup Time 

Write Command Hold Time 





Data Input Setup Time 
Data Input Hold Time } 
SAS Cycle Time 


SAS Pulse Width 


Serial Address Setup Time 

Serial Address Hold Time 

SAS Setup Time during Mode Programming 

SAS Hold Time during Mode Programming 

TAS Setup Time 

TAS Hold Time 

SAS Setup Time during System Reset by SAS/TAS 
SAS Hold Time during System Reset by SAS/TAS 


286 Hitachi America Ltd. © 2210 O’Toole Ave. « San Jose, CA 95131 © (408) 435-8300 


Symbol 
tec 
tcL 
tcH 
tac 
toH 
tOEA 
toLz 
toHZ 
tGrs 
tGRH 
tcws 
tGwH 
twcs 
twCH 
tps 
tDH 
tsc 
tsL 
tsH 
tsAS 
tsAH 
tSsH 
tSHH 
'Ts 
tTH 
tssL 
tSHL 
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min 
60 
15 
15 


15 


15 


15 


15 


60 


15 


15 


15 


15 


15 


15 


max 


300 


40 


30 


20 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


HM53051P 


Read/Write Cycle 


tcc tcc 


Pomel creel 
ae OY m | 


XXXII XAT YAAK) 


twes 


A ED SACOACAOATOOASOAOCOCOOCACOOLOALOSOCOCO('C, Si I 43 
= Lenttaneaiel XXX OK |X 


Vv, 
L\ /\ 


6 A ED SACO CACAO COTUOCAOOAOOATOS 
MT KOO ONION. 





Notes) *1. Write Cycle starts when CGW is low and WE is low. Data are not written when WE is high. 
Time-compression mode is realized by controlling CGW. 
*2. Read cycle starts when CGR is low. Time-expansion mode is realized by controlling CGR. 








Read Cycle (OE control) 


CLK 
tGrs tac 


a Wk ITTV ITT 


toga 


XKXKKKKKK 


Dout 


Notes) *1. topz is defined by the time at which the output achieves the open circuit condition. 
*2. toLz and topyz are sampled and not 100% tested. 
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Mode Selection 











OK KK KKXKKKRYO 
Wy 77 


Note) SAS operates asynchronously with CLK. When TAS is low at the falling edge of the CLK, the address transfer cycle starts. SAS 
should be high during the address transfer cycle. 


TAS 





SAS, TAS Reset Mode 





CT ATLL TILT L TL LTT LLL 
mans SISIERE EME ES ERE 
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65,536-word x 4 bit Multi Port CMOS Dynamic Random Access Memory 


The HM53461P is a 262, 144 bit multi port memory equipped HM53461P Series 
with a 64k word x 4 bit Dynamic RAM port and a 256 word x 4 
bit Serial Access Memory (SAM) port. The SAM port is connected 
to an internal 1,024 bit data register through a 256 word x 4 bit 
seria! read or write access control. !n the read data transfer cycle, 
the memory cell data is transferred from a selected word line of 
the RAM port to the data register. The RAM port has a write 
mask capability in addition to the conventional operation mode. 
Write bit selection out of 4 data bit can be achieved. 

Utilizing the Hitachi 2um CMOS process, fast serial access 
operation and low power dissipation are realized. All inputs and 
outputs, including clocks, are TTL compatible. 


= FEATURES 
@ Multi port organization 
(RAM; 64k word x 4 bit and SAM; 256 word x 4 bit) 
@ Double layer polysilicon/polyicide n-well CMOS process 
@ Single 5V (+10%) 
@ Low power Active RAM; 380mW max. 
SAM; 220mW max. 
Standby 40mW max. 
@ Access Time RAM; 100ns/120ns/150ns 
SAM; 40ns/40ns/60ns 
® Cycle Time Random read or write cycle time (RAM) 
190ns/220ns/260ns 
Serial read or write cycle time (SAM) 
40ns/40ns/60ns 
@ TTL compatible 
256 refresh cycles..... 4ms 
@ Refresh function RAS only refresh 
CAS before RAS refresh 
Hidden refresh 
®@ Data transfer operation (RAM2 SAM) 
@ Fast serial access operation asynchronous from RAM port 
except data transfer cycle 
@ Real time read transfer capability 
@ Write mask mode capability 


(ZP-24) 


= ORDERING INFORMATION 


Access Time | Package 












HMS5 3461P-10 
HM53461P-12 
HMS5 3461P-15 


-HIM53461ZP-10 
HMS53461ZP-12 
HM53461ZP-15 


400 mil 24 pin 
Plastic DIP 





24 pin Plastic ZIP 
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HM53461 Series 





= PINARRANGEMENT m= PIN DESCRIPTION 
@ HM53461P Series @ HM53461ZP Series Pin Name Function 
1/03 AO — A7 Address Inputs 
SOE 1/01 — 1/04 RAM Port Data Input/Output 
he S1/O1 — SI/O04 SAM Port Data Input/Output 
1/02 AS Row Address Strobe 
11 1/01 AS Column Address Strobe 
13 WE SC Serial Clock 
15 A6 — 
17 AA Jee Write Enable 
19 A7 DT/OE Data Transfer/Output Enable 
21 A2 SOE SAM Port Enable 
23 AO 
Voc Power Supply 
(Bottom View) Vss__| Ground 
(Top View) 
= BLOCK DIAGRAM 
1 Bs 1 ne 


OE clook 
generator 








FO baer I O buffer 1 O buffer 1 O buffer 


Write Mask 
control 


ae WE clook 
sks IF 
Fre CAS clook arra 


RAS clook i aa a ae 
ESHER AIOK 256 data 256 data 256 data 256 data 
register register register register 


eee 
fz address 
f buffer j 


SI O buffer SI O buffer SI O buffer SI. | 51.0 butler | 51.0 butler 
ee S10: S102 S10 S10; 
Refresh Vii generator 
address 
counter 

















Transfer 

control 
SOE clook BARE 
SC clook 
generater 











64K memory 64K memory 


array 


64K memory 
array 






64K memory 
array 
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HM53461 Series 


M@ ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vsg ........0.22-.. -1V to +7V 
Power supply voltage relative to Vgg .......... -—0.5V to +7V 
Operating temperature, Ta (Ambient). ......... 0°C to +70°C 
Storage temperature .................00. -55°C to +125°C 
Short circuit output current ...............00000e 50mA 
Power dissipation ........... 0.00.00 ee eee ee eee 1W 


= RECOMMENDED DC OPERATING CONDITIONS (7,=0 to +70°C) 









Parameter 








Supply voltage 
Input High voltage 









Input Low voltage 





Note: All voltages referenced to Vgg 


mw DC ELECTRICAL CHARACTERISTICS (T, = 0 to +70°C, Voc = 5V +10%, Vsg = OV) 


P 
RAM PORT Symbol SAM vais HM53461 | HMS53461 | HM53461 Unit 
Standby | Active -—10 —12 -15 


Operating current RAS, CAS cycling Icc1 is eee Xx 70 50 mA 








RAS. CAS = | Ico. | a 7 aoe mA 
Standby current RAS, CAS = Vzyy 1 30 aN 
CAS* Vor RAS eyeing tec™ min, F Foy | x fo [too [90 [70 [ma 
Page mode carent RAS= Viz, | Icoa | oO [| x | 50 [40 [35 [ma 
pS gamete BOD. Teco [x | of 90] 05a 
CBR refresh current RAS cycling | Iecs | 0 | x | 60 [ $0 [| 40 | mA 
Litas x [| o | 100 [90 | 70] ma 
Datg transfer current : mA 


Input leakage 


Paanieee symbol | min | man |-Unt 
Ir 
7,0 


Output leakage 
Output high voltage /g77=—-2mA Vou 


Output low voltage /9,,=4.2mA VoL ae Se Vv 


# INPUT/OUTPUT CAPACITANCE 


Parameter 
Address 


Clocks 
I/O, SI/O 
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= ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS (7, =0 to +70°C, Vec=5V+10%, Vgg=0V)!): 10),11) 


max. max. 

Random Read or Write Cycle Time ‘tro | 190 | - | 220 | - | 260 | - | ns | 
Read Modify Write Cyee Time ee | wr | os 
Page Mode Cycle Time tpc | 70 | - [| 85 | - | 105 | = [ons | 
Aecest Time from RAS mae [= | 100] [| = [10 a [23 
Acces Time rom CAS ro ee TE 
Output Buffer Turn Off Delay referenced to CAS| torr: | 0 | 25{ O | 30] O | 40] ns | 5 
Transition Time (Rise and Fall) 50{ 3 | 50] ns | 6 
RAS Precharge Time ape |= oor | ene es 
RAS Pulse Wid Crnas | 100 | T0000 | 120 [10000 | 150 [70000-[ ns 
CAS Pulse Width tcas 50 |10000 | 60 |10000| 75 [10000 | ns | 
RAS Hold Time fee Se ea aa 
CAS Hold Time joo = 420 [ = [150 [= ns 
CAS to RAS Precharge Time nee ea ES 
Row Adres Setup Time eae Le Se Meo 
Row Adéres Hold Tine Ae tas ppp 
Column dares Setup Ti ffise Ne Wee es 0 eae 
Write Command Setup Tine pena oe oe 
Write Command Hold Time twen | 25 | - | 25 | - | 30 | - | ns | 
Write Command Pulse With lige Se oo se 
Wits Command to RAS tnd Tine [tawa [38 | — | 40 | - | as | — [os 
wiite Command w CAS Lad Time [town [35 | =| 40 | = [#5 | - [me 
Dacuin Setup Tine ec oe eee 
Daten Hold Time ae ee 
Reed Command SetapTine ~~ [imeg [0 | =| 0] - | 0] - [oe 
Read Command Hold Tie Gee ee ee es 
Read Command Hold Time referenced to RAS fame MoE 
“Refish Period SS | Pe 
RAS Pulse Width (Read Modify Write Cycle) 170 [10000 | 200 | 10000] 245 | 10000] ns | 
CAS to WE Delay ee a 
CAS Set-up Time (CAS before RAS refresh) ltese | 10 {| - {| 10 | - | 10 | — [ns | 
CAS Hold Time (CAS before RAS refresh) 20 | — | 25 | - | 30 | - | ns | 
RAS Precharge to CAS Hold Time tepc | 10 {| - | 10 | — | 10 | - | ns | 
TAS Precharge Time oe 
Access Time from OF 2 a 
Output Buffer Turn-off Delay referenced to OE Howe att a 
OF to Datain Delay Time ee ae a 
OF Hold Time referenced to WE 7a a 
Datain to CAS Delay Time ce oo ee a ee 
Datain to OE Delay Time ‘tpzo | oO | - | Of - {| O | - | ns 
OE to RAS Delay Tine ee ee 
Serial Clock Cycie Time isco | #0 | =| 40 | =] 6 | — | as 
Access Time from SC ftsca_| - | 40 [| - | 40 | - | 60 | ns | 10 
Acces Time from SOE lisse [=p 3s | = [30 | =] 40 [oe [10 
SC Pulse Width tsc_ | 10 [| - [| 10 | - [{ 10 | - | ms | 

) (to be continued) 
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Parameter Symbol 


SC Precharge Width 

Serial Data-out Hold Time after SC High 

Serial Output Buffer Turn-off Delay from SOE 
Serial Data-in Set-up Time 

Serial Data-in Hold Time 

DT to RAS Set-up Time 

DTto RAS Hold Time(Read Data Transfer Cycle) 
DT to RAS Hold Time 

DT to CAS Hold Time 

Last SC to DT Delay Time 

First SC to DT Hold Time 

DT to RAS Delay Time 

WE to RAS Set-up Time 

WE to RAS Hold Time 

I/O to RAS Set-up Time 

I/O to RAS Hold Time 

Serial Output Buffer Turn off Delay from RAS 
SC to RAS Set-up Time 

RAS to SC Delay Time 

Serial Data Input Delay Time from RAS 

Serial Data Input to DT Delay Time 

SOE to RAS Set-up Time 

SOE to RAS Hold Time 

Serial Write Enable Set-up Time 

Serial Write Enable Hold Time 

Serial Write Disable Set-up Time 

Serial Write Disable Hold Time 

DT to Sout in Low-Z Delay Time 


'SCP 
'so 
'SEZ 
'sIs 

'SIH 
‘DTS 
‘RD 
'DTH 


eo 


IS es les lo 
5 > 


tws 


= 
< 


x 


BS 
w 


'SRZ 
'SRS 
‘SRD 
tsID 

'SZD 


by lt 
mH 


al fing 
= le 


'sw. 
'SwIs 
'SWIH 
'DLZ 


Notes) 
1.AC measurements assume t-=Sns. 
2.Assumes that trcpStpcp(max). If trop is greater 
than the maximum recommended value shown in this 
table, trac exceeds the value shown. 
3.Measured with a load circuit equivalent to 2TTL loads 
and 100pF. 


4+. Assumes that tRCD2trcp(max). 

5.torF(max) defines the time at which the output 
achieves the open circuit condition and is not referenced 
to output voltage levels. 

6.Vyz47(min) and V7; (max) are reference levels for measur- 
ing timing of input signals. Also, transition times are 
measured between V7;; and V7,. 

7.Operation with the fpcop(max) limit insures that trac 
(max) can be met, tpcp(max) is specified as a reference 
point only, if trcp is greater than the specified trcp 
(max) limit, then access time is controlled exclusively be 


‘CAC. 


i 
99 
ig 


HM53461 Series 


en) 
= 
in 
ww 
pe 
nN 
— 
— 
oS 


Unit | Note 


ce on 
© |5/& 
Ww 
> 
ON 
joo 
_ 
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LF) 
HE 
BS 
fo, 
an 
| or 


— | 
oO1o 


— 
Oo 


Nw 
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1 


WG 


— 
= 
~— 
© 
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fs 


_ 
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— 
WG 


1 


jan) ~ 
w ww jones WwW] sf] = | — m= | bo Wo | pa w oo 
Ca wn —N Oo;o!|lolin 1) Oi ni na! ain oO © 
epee T Pp fey adele Ppp Pf LP ppp } 
wn > 
~~ Ww 


in Nn N “pw &] =| bw N 
Oo] wn WN fan) Mm) Mm! mi oO! o© (on) 


8.twcs and tcwp are not restrictive operating parameters. 
They are included in the data sheet as electrical charac- 
teristics only: if twos2 twcg(min), the cycle is an early 
write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if towp 


2tcwp(min), the cycle is a read/write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the 
condition of the data out (at access time) is indeter- 
minate. cece: 

9.These parameters are referenced to CAS leading edge in 
early write cycle and to WE leading edge in delayed 
write or read-modify-write cycles. 

10.Measured with a load circuit equivalent to 2TTL and 
SOpF. 

11.An initial pause of 100us is required after power-up. 
Then execute at least 8 initialization cycles. 
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HM53461 Series 


= WAVE FORMS irc 
® READ CYCLE RAS 
= en a ioe 


“ZL |= | SL 


1/O 
(Output) 


a en 
; = a 
mor) MMMM 


Do not care 


os] tWCH 
WE co Ot WZ 
0 = TE KOOL. 


Input) //> 


1/0 : High Z 
(Output) : 
toTS tDTH 


Do not care 


—~ 
Ee) 
a. 
* 
fam 
4 


Note) *1. When WE is “H” level, the all data on the I/O can be written into the cell. 
When WE is “‘L”’ level, the data on the I/O are not written except for when I/O is ‘high’ at the falling edge of RAS. 
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® DELAYED WRITE CYCLE 


{RC 


S {RAS 


— 
St, sesame: 
— SR 


sie) Co oe a = MUTT TT 
Hp KUT" VOT 
1 ae 


=<] 


QO 
> 
n 





tRWL- 
tCWL 


MLLLLLLLLLLLLLLLLL 


toEH 
tp 


ann ZY KILI LLLL LLL LL 


1/0 High-Z 
(Output) 





Do not care 


Note) *1. When WE is “‘H” level, all the data on I/O1-I/O4 can be written into the memory cell. 
When WE is “L” level, the data on I/Os are not written exept for when I/O=“‘H” at the falling edge of RAS. 


@ READ MODIFY WRITE CYCLE 


tRWC 


—————— 


RAS 





mae 


A See! 
sarne 7D = = 1 ne 


fl 


DK z val sl Samm 


10 mK: | = TTT 
ae = a ae NATL TD 


: (777 Do not care 


Note) *1. When WE is “‘H” level, all the data on I/O1-I/04 can be written into the memory cell. 
When WE is “L” level, the data on I/Os are not written except for when I/O=“‘H” at the falling edge of RAS. 
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HM53461 Series 


@ PAGE MODE READ CYCLE 


tRC 


= = 


tRSH 





— dl 


AS ICAS 


“Te nae: = 
Adaress /)) = za TTD A 


KL/ Tom ince a 


tRRH 


WE ear aan SL 


1/0 VALID Seed 
(Output) 


ee Mi mraer (/} 
ovoe77f XD toa TTT 1 


V7A Do not care 


@ PAGE MODE WRITE CYCLE (Early Write) 


tCSH 
tRCD 


S tec 
{CAS tCAS tCAS 
taSC ak 


of ae 


S 


w~ 








tRSH 


QO 
> 
N 


COLU 


coe <. eSemme enue ie DS CLLLLLLLLLL 


mall tWCH 


Ls = i CTITID, sey zm 
2 HENLE MOLI MII 


1/O High-Z 


{DTS | | 
tput 
(Outp ) tpTH 


BRO NILLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL 
77] Do not care 


= 
re) 


Note) *1. When WE is “‘H” level, all the data on I/O-I/04 can be written into the memory cell. 
When WE is “L” level, the data on I/Os are not written except for when I/O=“H” at the falling edge of RAS. 
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HM53461 Series 
@ PAGE MODE WRITE CYCLE (Delayed Write) 


S 


a 








tec 


tCSH tRSH 
a im 
“5 mnt = at TA 





COLUMN one 


0 
yo REMIT NENT NEXT 





SPOT; XZ 
/ Lj Do not care 


Note) *1. When TES “*H”’ level, all the a tae gia ee e wit ess into the memo 
When “EL” lev data n'/Os 


el, cell. 
el, the Ree when I/O=“H” at the falling edge of RAS. 


@ RAS ONLY REFRESH CYCLE 


tRC 


RAS on Ay pr 
mi tRPC 


aS 7 “in CLLLLLLLLLLL 
AL) = LLELLLLLLLLLLLLLLLLLLL LLL 
(onus “nh 


toe! Enemies 


DTS| | tDTH 


DI/OE 7  NLLEEEELTLLLLLLLLLELLLLLLLLL 


(77A Do not care 
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HM53461 Series 


© CAS BEFORE RAS REFRESH 





asses TLL 
w TLL LLL. 
to LLL. 


High- Z 





1/0 
(Output ) 


VE YLLLLMMMLULLLLLILLLLILLLIULILL 


// A Do not care 





@ HIDDEN REFRESH CYCLE 
) 


tCRP i 
; tCHR 
CAS // # 
| | 


tela 
Tom Kou KITT 
na 2 
we sma Neg 
(oneHo i —=— 





(7A Do not care 


© HITACHI 
298 Hitachi America Ltd. ¢ 2210 O’Toole Ave. ¢ San Jose, CA 95131 © (408) 435-8300 


HM53461 Series 
® READ DATA TRANSFER CYCLE (1)*? *2 


RAS 


‘o) 
Cp) 
Tz 
y. 
= 
> 
wn 


stress TX “pes a C= CITT 
WE ia = 
ee ped 


ne | RE cece. | 
‘suey TOLL LLL LLL LLLULLELLLLLL$L 


tae 
toTs 


mon Zs RTT 


tsce tspp 








tSCP (nae 
SC eas 
ie 
Valid Valid // 
‘Output ZK Siu RTA Siu LD Set LLP 
Previous New Row 
S1/0 High-Z Row ‘i 
Note (Input) 
*1) In the case that the previous data transfer cycle was read data transfer. (7A Do not care 


*2) Assume that SOE is ‘“‘L” level. 
*3) CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM start Address. 


@ READ DATA TRANSFER CYCLE (2)*!:"2 


RAS 


tRC 











|g 
| Pe 
ry) am 0 IID 


WEY ie f = RO 


{DTR 


Dee eee ee ed 
vl 


| diges Z 
foutaub 


iw _| 
(Input ce 
DT/OE \ —— i og ee 


SC oil RX Oy Weta AY 
fee = 
tO. O is! VALID 
Bia DD siecuces 


Note) ee, Fenian $OO4 Inhibit rising transient 


*1) In the case that the previous data transfer cycle was write data transfer or pseudo data transfer. 
*2) Assume that SOE is ‘‘L”’ level, 
*3) CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start address. 
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—HM53461 Series 
@ PSEUDO DATA TRANSFER CYCLE 
iRC 


RAS | 


7 ——- 

hare MoE ™ OIL ETT 
we XT 
Brae Ae ITT 
SOE Lew NJ /L/ 


CAS 


> 







tSiH 
ee SS 
ee 1911/11) SU, 
5 : Do not care 
louse XM /////r (589 Inhibit rising transient 


Note) *1. 
CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start address. 


@ WRITE DATA TRANSFER CYCLE 


RAS 


= 
| a! eam 
Address ‘/) oe RACH RLLLLL//L/ LLLLLLLLLL 

WE mic TLL LLL LL LLL LAL LAL LLL LLL. 


oor D4 kV TTTTTTTI TTI 
ox Df TTT TIRIII 
FERRER fh 
us, CE MII = OE 


Dae Se a ee a, | Inhibit rising transient 


Note) *1. 
CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM start Address. 









Sc 






— 
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HM53461 Series 


® SERIAL READ CYCLE 


pe} 
op) 





@ SERIAL WRITE CYCLE 





1 q ve KX / qe KX / 
= LLLLLLLLLL EO LL) 


VZA Do not care 
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HM53462 Series 
65,536-word x 4 bits Multi Port DRAM (with Logic operation mode) 


The HM53462P is a 262,144 bit multi port memory equipped HM53462P Series 
with a 64k word x 4 bit Dynamic RAM port and a 256 word x 
4 bit Serial Access Memory (SAM) port. The SAM port is con- 
nected to an internal 1,024 bit data register through a 256 word 
x 4 bit serial read or write access control. In the read data 
transfer cycle, the memory cell data is transferred from a selected 
word line of the RAM port to the data register. The RAM port 
has a write mask capability in addition to the conventional opera- 
tion mode. Write bit selection out of 4 data bit can be achieved. 
RAM port has another new function, logic operation capability. 
By this function logic operation between memory data and input 
data can be done in one cycle. Utilizing the Hitachi 2um CMOS 
process, fast serial access operation and low power dissipation are 
realized. All inputs and outputs, including clocks, are TTL 
compatible. 


» FEATURES 
@ Multi port organization 
(RAM; 64k word x 4 bit and SAM; 256 word x 4 bit) 
@ Double layer polysilicon/polyicide n-well CMOS process 
Single 5V (+10%) 
@ Low powr Active RAM; 380 mW max. 
SAM; 220 mW max. 
Standby 40 mW max. 
@® Access Time RAM; 100ns/120ns/150ns 
SAM; 40ns/40ns/60ns 
@ Cycle Time Random read or write cycle time (RAM) 
190ns/220ns/260ns 
Serial read or write cycle time (SAM) 
40ns/40ns/60ns 


(ZP-24) 





® TTL compatible 
256 refresh cycles .. 4ms 
@ Refresh function RAS only refresh 
CAS before RAS refresh 
Hidden refresh 
Bidirectional data transfer operation (RAM 2 SAM) 
Fast serial access operation asynchronous from RAM port ex- 
cept data transfer cycle 
Real time read transfer capability 
Write mask mode capability 
Logic operation capability between Din and Dout 
SAM organization can be changed to 1024 x 1 


ORDERING INFORMATION 
Type No. Access Time Package 


HM53462P-10 
HM53462P-12 
HM53462P-15 


HMS5 3462ZP-10 
HM53462ZP-12 
HM53462ZP-15 


400 mil 24 pin Plastic 
DIP 


24 pin Plastic ZIP 
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» PIN ARRANGEMENT 





HM 53462 Series 


= PIN DESCRIPTION 














@ HM53462P Series @® HM53462ZP Series Pin Name Function 
7 AO — AT Address Inputs 
i. 1/01 — 1/04 RAM Port Data Input/Output 
S1/0, S1/O1 — S1/04 | SAM Port Data Input/Output 
SI/0; RAS Row Address Strobe 
SOE CAS Column Address Strobe 
ge SC Serial Clock 
A WE Write Enable 
1/03 DT/OE Data Transfer/Output Enable 
CAS SOE SAM Port Enable 
re Vee Power Supply 
Vss Ground 
Ai 
re (Buttom View) 
A3 
Az 





(Top View) 


e BLOCK DIAGRAM 











— 


a 
tr 
ister | 


k 
be 
ai 


Mas 
Regi 


Hitachi America Ltd. 














© 
E : 
bo © 

Memory Array ow = 
Pt WY) 

(256 x 256) a co 

a ny 
= S 
ve] _ 
vo) 
= BY 1 Mode 


Other SI/O (2-4) 
Are in High-Z State. 


BY 4 Mode 2564 
(Normal Mode) 


© HITACHI 
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HM 53462 Series 


= ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vsg... 2.2.0... -1V to +7V 
Power supply voltage relative to Vsg .......... -0.5V to +7V 
Operating temperature, 7a (Ambient). ........ 0°C to +70°C 
Storage temperature ...............04. -55°C to +125°C 
Short circuit output current..........0.... 000000 50mA 
Power dissipation .... 0.0... 000 eee eee ee ee ee nae TW 


a INPUT/OUTPUT CAPACITANCE 





RECOMMENDED DC OPERATING CONDITIONS (Ta = 











Parameter 

Supply voltage 

Input High voltage 
Input Low voltage 





Note) All voltages referenced to Vgg. 


0 to +70°C) 


= DC ELECTRICAL CHARACTERISTICS (Ta = 0 to +70°C, Voc = 5V + 10%, Vsg = OV) 


MP 
RAM PORT symbol SAM PORT HM53462 HMS 3462 


Active 


Operating current RAS, CAS cycling Icc1 


trc= min. I¢c7 
saa Ate I 

Standby current RAS, CAS = Vjz7 CC2 

Iccs 

RAS only refresh current Icc3 


CAS = V777, RAS cycling tro = min. Icc9 





wr 
> 


Output high voltage Joz7= -2MA 
Output low voltage Jo; = 4.2 mA 


SN 
8 
aS 


eet ny 

ee 

Page mode current RAS = V7, | Ieca | O | XxX | 
CAS eyeing tc * min Precio | x [0 
CBR refresh current RAS cycling | Ices | O | X | 
teo™ min. lecur_| x | 0 _| 
Data transfer current 'Cc6 O Le | 
Input leakage Tyr | -10 | 10 | 
Output leakage | tro | -10 | 10 | 
Won | tte eS 

es A 


@ HITACHI 


A 
5 
x/O}] x} oO] x a 
< 


Unit 


Erik 
<|<| 31> 


ae ee 
10100 
oes 


HM5 3462 
—15 
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Unit 


mA 
mA 

mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 


HM 53462 Series 


» ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS (Ta = 0 to +70°C, Vcc = 5V + 10%, Vss = OV)». 10), 11) 


Parameter 


Random Read or Write Cycle Time 
Read Modify Write Cycle Time 
Page Mode Cycle Time 

Access Time from RAS” 

Access Time from CAS 


Output Buffer Turn Off Delay referenced 
to CAS 





Transition Time (Rise and Fall) 
RAS Precharge Time 

RAS Pulse Width 

CAS Pulse Width 

RAS to CAS Delay Time 
RAS Hold Time 

CAS Hold Time 

CAS to RAS Precharge Time 
Row Address Set-up Time 
Row Address Hold Time 
Column Address Set-up Time 
Column Address Hold Time 


Write Command Set-up Time 








Write Command Hold Time 
Write Command Pulse Width 
Write Command to RAS Lead Time 
Write Command to CAS Lead Time 
Data-in Set-up Time 
Data-in Hold Time 
"Read Command Set-up Time 
Read Command Hold Time 





HM53462 HM5 3462 HMS 3462 
Symbol —10 —12 —15 





Read Command Hold Time referenced 
to RAS 


Refresh Period 


RAS Pulse Width 
(Read Modify Write Cycle) 


CAS to WE Delay 


CAS Set-up Time 
(CAS before RAS refresh) 








CAS Hold Time 
(CAS before RAS refresh) 


RAS Precharge to CAS Hold Time 
CAS Precharge Time 
Access Time from OE 











Output Buffer Turn-off Delay referenced 
to OE 


OE to Data-in Delay Time 











OE Hold Time referenced to WE 
Data-in to CAS Delay Time 
Data-in to OE Delay Time 

_ OE to RAS Delay Time 


Hitachi America Ltd. 


tDZC 


Unit Note 


atte 

MWe 260 2 (000: 5 0 |e 
ot at eee ec | a 
Prac | = [too [= [a0 =| as0[ 
sat Ol on a a Es 
ee mn a a ee a 
fe eae eae eee ee 
10000 | 120 |10000} 150 |10000] ns | 
10000 | 60 | 10000 10000] ns | 
re ee 
ce eS ee ee ee eee 
es A008 00 ee 
i Oe i ee ee ee 
aa eaeen eee 
tRAH 20 
Re se ae ee ee ee ee 
Pican [20 [ - [20 [ — [as [= [om 
riwes | o{- | o| - | o[- [= | 8 
sk ee eae ee ee 
we | is | - | 30 | - | 28 [- | ns 
virwe | 35 [| - | 2 | - | 4 | - | os | 
tps 0 _ 0 = 0 = ns 9 
Zea De 
ee Seis Sete 
eer | ee a a 
se [om [in| [at [ilo 
COWL | 8S et 100 a a Pe ess 
on |e [ = [of fo l- fe 
eA ee 
Bo ADS CC a Oe He ee 
Ee eC eS 
| toac | = | 30 Re ee ee 
form |e | [0 | mf e[ wl = 
eo Pe 
(OEH | Be 

A a Ge ee 

2 ee ae ee ee 

a ae ee ee 


g 
N 
a) 
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(to be continued) 
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HM 53462 Series 





Parameter 


Serial Clock Cycle Time 

Access Time from SC 

Access Time from SOE 

SC Pulse Width 

SC Precharge Width 

Serial Data-out Hold Time after SC High 


Serial Output Buffer Turn-off Delay 
from SOE 


Serial Data-in Set-up Time 
Serial Data-in Hold Time 
DT to RAS Set-up Time 


DT to RAS Hold Time 
(Read Data Transfer Cycle) 


DT to RAS Hold Time 
DT to CAS Hold Time 
Last SC to DT Delay Time 
First SC to DT Hold Time 
DT to RAS Delay Time 
WE to RAS Set-up Time 
WE to RAS Hold Time 
1/O to RAS Set-up Time 
1/O to RAS Hold Time 


Serial Output Buffer Turn off Delay 
from RAS 


SC to RAS Set-up Time 
RAS to SC Delay Time 
Serial Data Input Delay Time from RAS. 
Serial Data Input to DT Delay Time 


SOE to RAS Set-up Time 























SOE to RAS Hold Time 

Serial Write Enable Set-up Time 
Serial Write Enable Hold Time 
Serial Write Disable Set-up Time 
Serial Write Disable Hold Time 
DT to Sout in Low-Z Delay Time 

















Notes) 


1. AC measurements assume t7 = Sns. 

2. Assumes that trcp & trcp (max). If trcp is greater 
than the maximum recommended value shown in this 
table, tr 4c.exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and 100 pF. 

4. Assumes that trcp = trcp (max). 

5. torr (max) defines the time at which the output 


achieves the open circuit condition and is not refer- 







HM53462 HM53462 HM5 3462 
Symbol —10 -12_ =15 Unit Note 


my 
—) 


— 
oO 


| 
a 
oN 
| 





a} = [2 
~ 
nn 


~] 
wa 


ww 
A 


°o 


le 
ws 
o 


oi, Loa) Nv 
milion i=) 


meters. They are included in the data sheet as electri- 
cal characteristics only: if twos 2 twcs (min), the 
cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if tcwp 2 tcwp (min), the cycle is a 
read/write and the data output will contain data read 
from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out 
(at access time) is indeterminate. 


enced to output voltage levels. 9. These parameters are referenced to CAS leading edge 
6. Vyyy (min) and Vz; (max) are reference levels for in early write cycle and to WE leading edge in delayed 

measuring timing of input signals. Also, transition write or read-modify-write cycles. 

times are measured between Vj;, and V7;. 10. Measured with a load circuit equivalent to 2TTL and 
7. Operation with the trcp (max) limit insures that 50 pF. 

trac (max) can be met, trcp (max) is specified as a 11. After power-up, pause for more than 100us and 

reference point only, if trop is greater than the speci- execute at least 8 initialization cycles. Then execute 

fied tecp (max) limit, then access time is controlled at least one logic reset cycle including write mask 

exclusively be tc4c. reset (on the falling edge of RAS, WE = “Low” and 
8. twcs and tcwp are not restrictive operating para- 1/01 — I/O = “High”), and execute one or more trans- 

port cycle for initiation of SAM port. 
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HM 53462 Series 


a WAVE FORMS 
@e READ CYCLE RAS 


tRCD 


~ 
~ 
=x 


tcsH 


~ 

= 

DQ 
“7 


tasR 


Address aim 1) Sr Cae VL LL L 2 
i 
ee |e 7 
<>, 


Wy 


\ 
N 


ry 


LE 


~ 
x 
=z 


x 


1/O 
(Output) 


hen VLLLLLLL. ye 


Dro, RLLLL 


i 





Do not care 
@ EARLY WRITE CYCLE | 


~ 
= 


AS 


~~ 
= 


~ 
| 
vw. 


2 
Sc 
= 

\7 


@ 
=| 
ep) 
x 
EEE 
7 vA 
a 
= 
F 


Address A) C 


LOK! RYILLLLLLLLLLL 


+" TT. 


CD KKLILILLLLLLLL LL. 


High Z 


| 
TE 
* 
S 


YY, 


Fo 
4 
Gi 
XQ 
> 


Yr QLMMMLLILLLLLLLLLLL LLL. 


Do not care 


Note) *1. When WE is “H” level, the all data on the I/O can be written into the cell. When WE 
is ‘‘L” level, the data on the I/O are not written except for when I/O is ““H” level at 


the falling edge of RAS. 
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HM 53462 Series 


@ DELAYED WRITE CYCLE 


ened 
CAS 





ICWL 


MLLLLLLLLLLLLLLLLL 








ims | is LOEW yy 
Toy), Ge .<¢, Ga (AU 
1/0 High-Z 
(Output) 


WE Do not care 
Note) *1. When WE is ‘“‘H” level, all the data on 1/O1-I/04 can be written into the memory cell. 
When WE is ‘‘L”’ level, the data on I/Os are not written except for when I/O = “H” at the falling edge of 
RAS. 


@ READ MODIFY WRITE CYCLE 


JL, lh =—<—_—F 
no Xr YO om KOT TLL 


eye 
ETT KC NLL 


1’O T N Fam / } 
ia TD Tee CITT 






ie 


tps 


1/0 — VALID | | 
(Output) Dout 
tOEH 
tyTs 
al SEE LLL LLLLLLL LL 
oe (V7/] Do not care 
Note) *1. When WE is ‘‘H” level, all the data on 1/O1-I/04 can be written into the memory cell. 
When WE is “‘L” level, the data on I/Os are not written except for when I/O * “‘H” at the falling edge of 
RAS. 
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HM 53462 Series 
@® PAGE MODE READ CYCLE 


—E = am 
(ae =. aml 

ae Homans ILLLL ne CILLLL LLLLLLLL 

ete atte fae 

we a lly Lon re La 





a 


i 





apa a 
mort ND #77 an TTD LTT 


V7A\ Do not care 
@® PAGE MODE WRITE CYCLE (Early Write) 


AS 


ax 








tCsH Pa een 6 1 Gi tRSH 


| 


trop 
1 
JF de tty AH 
Adress GROW > OTS 


ae See = XTT177) i TTT 
we KD as Hl | [WZ 


OQ 
> 
Gi 


07 7, oak oa CDC MOI KLLLLLLLL 
PPO NIILTLILILLILILILILLLLLLLILILLLLLL LLL. 


77 Do not care 
Note) *1. When WE is ‘‘H” level, all the data on I/O1-1/04 can be written into the memory cell. 
When WE is ‘‘L”’ level, the data on I/Os are not written except for when I/O = “H” at the falling edge of 
RAS. 
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HM 53462 Series 





@ PAGE MODE WRITE CYCLE (Delayed Write) 





St Sr, erg t 
ERIE 238 LLLLLLLLLL 


tor 


m0 087] XI 


//fA Do not c 
Note) Wren we fe ‘H” level, all the data on 1/01-I/04 can be written into the m 


cell. 
when WE is ‘‘L” level, the data on I/Os are not written ex ae Rae ae a at the falling edge of 


@ RAS ONLY REFRESH CYCLE 


tre 
mh tree 


CAS lif KLLLLLLLLLLL 
“ALI = TTTTTTLTLLTTTLLLLLLLLL LLL 

V0 = 

7 CLITLTLLLLLLLLLLLLLLLLLLLLLL 

pre Y/Y aaa CTT TT TTL LTLLLLLELELL ELL LLL 


(774 Do not care 
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HM 53462 Series 


e@ CAS BEFORE RAS REFRESH CYCLE 


= TTL LTT 


we LLL LLLLLLLLLLLLLLLLLL LLL 
 LLLLLLLLLLLLLLLLLLLLLLLLLLLLLL LL 











LTLLTLLLLLLLLLLLLLLLLLLLLLL LLL LL 


WZA Do not care 


@ HIDDEN REFRESH CYCLE 


tre tre 
RAS pts J 
NS 
tcre 
a CHR 


: 5 Sei 
DEKE = LL CLLLLLETTTTLITILL 


ai a 


VALID 


utput Fel 


DT OE ptt | Oe | YLLLLL 





HM 53462 Series 


@ READ DATA TRANSFER CYCLE (1)°!. "2 
RAS 


URC 
Te 


tates D0 ET a TTT 
7 ecm 
a LLL 





CAS 


= 
7 


ayy etal 
ayy etal 


1/O 
(Output) 


(Oe coc 
(input) TEM TELLTALE 


tors 


DT/OE “7 = ts DH NLLLLLLL 


tscc tspbp 


tscep a 
sc ate 


tsou 


: cay 
(Output LK s_ NLU KLIK LL 2 Xe 


Previous 


S1/O High Z Row New Row 
(Input) 
NOTE *1) In the case that the previous data transfer cycle was read data transfer. V7A Do not care 





*2) Assume that SOE is ‘‘Low”’. 
*3) CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to anew SAM 





@ READ DATA TRANSFER CYCLE (2)"1.*2 eS 
> == 
CAS ; I in | 
addcess 7 Pax OL ee i RLLLLLL LOL 


J te 
we /// st MMI 


(Output) 


av ZILLI 
sriok \| +" ——-J- TT 


Le eames rd = | 
st A 
(Outs f= ti ga IN, V7 Hovcieae 
S1/O MTT TTT BOS Inhibit rising transient 


(Input) 





NOTE *1) In the case that the previous data transfer cycle was read data transfer. 
*2) Assume that SOE is “Low” 
*3) CAS and SAM start Address nee 


tart Address. 
Serena © HITACHI 
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d not be supplied every cycle, only when it is desired to change to a new SAM 


HM 53462 Series 


@ PSEUDO DATA TRANSFER CYCLE 


RAS 





Re ee 
sees CG Sem TT 
ve a 
moe DN “WITT 
TRUITT ZTLILILLL 
se _ JT RSRRRRRRRKREERR fea 
2, <n CE 
how KITT naan 


*1) CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM 
start address. 


@® WRITE DATA TRANSFER CYCLE 












—— a 
cs TX 108 KORE CE ILI 
we =m 
DT/OE ms IIT TT TLL ILL LL. 
so NE" W777 LTT 
Lise XXX XKKX AAA = 
SLLLLLLLLLLLLLLL P= V2 ig 





sc 


tsis 


(Input) Sin 


) 


V7 Do not care 


S1/O High-Z POW Inhibit rising transient 
(Output) 
*1) CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM 
start address. 
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@ SERIAL READ CYCLE 


S 





~ 


7 cn 


A 


2) 
io) 
rr 
~ 
S. 
~ 
a 
J 
S 
~ 
G 
ao 
a) 


reas! | 
SC 
Per | ser] _tscr | [ov 
SI 0 Valid Valid Valid 
(Output) //X Sout y ( = 7) Sout 
[SCA ISEZ ISCA 


@ SERIAL WRITE CYCLE | 


— ee 


A 


ee] 





MN 
re) 
a 
= 
a 
5 


tscc 


SC pe tSc cy isc 


tSsc 


ie ee ele? 
as LLLLLLLLLL) = /L) 


Do not care 


m ELECTRICAL AC CHARACTERISTICS (Logic operation mode) 


HM53462-10 HM53462-12 HM53462-15 Unit 
n 


165 


esis max. [min [max [min 
RAS pulse width in write cycle 140 | 10000 | 165 | 10000 | 200 | 10000 | _ as 
CAS pulse width in write cycle | tors | 80 | 10000 | 95 | 10000 | 105 | 10000 ns 
| tFCSH 


CAS hold time in write cycle trCSH 140 
RAS hold time in write cycle teRSH 


Page mode cycle time (Write cycle) trPC | 100 | - | a 

CAS hold time ; ag ah 
(Logic operation set/reset cycle) FCHR 

CAS hold time from RAS precharge , 

(X, > X, sét cycle) PSCH 
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m LOGIC CODE (FCO ~ 3 are AXO ~ AX3 in Logic Operation Set Cycle) 


LOGIC 
FC3. | FC2 | FC1 | FCO rere 
0 8 Zero 
o | o | o | a | aNpi Di: Mi 
o fj o fo a fo | AND2 Di: Mi 
0 i el ee ee ee - ~> SAM organization changes to 1024 x 1 
o {| 1 | o | 0 | Anns | Di‘ Mi 
0 | 1 | 0 | 1 [THROUGH | Di —> Logic operation mode reset 
oj 1 | 1 | o | BOR | Di-Mi+ Di-Mi 
0 Di+ Mi 
1 | o [| o | o | NOR Di Mi 
1 | o {| o | 1 | ENOR | Di-Mi+ Di-Mi 
Desh 0 Sp oO 1 INV Di 
if o | af a | ore | Di+ Mi 
a Dis Mi 
1 | 2 | 1 [| 0 | NAND_ Di+Mi —“*iDit_; External Data-in 
ee ee eee eee ONE —‘Mi_: The data of the memory cell 





URC 





tASR tRAH 


sues [///} = LLLTLLLLLLLLLLLLLL 
WE 77D | eT 
te PTT LTT LLL LLL LLLL LLL 


1/0 HIGH- Z 
(Output) 


Br LTT LL LLLLLLLLLLLLLLLLLLLL LLL 


QZ Do not care 





*1) Logic code A0-A3 (A4-A7: don’t care) 
*2) Write mask data 
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=» LOGIC OPERATION MODE 
@ EARLY WRITE CYCLE LERC 


IRFS 
ms = a. 


Rie 


CAS 
7 | IMCH 
WE > 


ims 
tbu 


ples a 
1 <a i MMMM 


1/0 HIGH-Z 
penton) irs iz 
tpTH 
DIE Y/ QLLLLLLLLLLLLL LLL LLL, 
Note) *1. When WE is ‘high’, the all data on the I/O can be written into the cell. ITTTA Do not care 
When WE is ‘low’, the data on the I/O are not written except for when I/O is ‘high’ 
at the falling edge of RAS. 
@® DELAYED WRITE CYCLE ERE 
eens IRFS 
RAS 


Aden C= YK KT 
1 = UL 
XLT — LILLLLLLLLLL 


on 
inet a allel ts titted 
tS DD <= Om KITT 


V0 HIGH- Z 
(Output) 
NOTE 1) When WE is “‘H”’ level, all the data on I/01-4 can be written into the memory cell. LLLh Vo not care 
When WE is “*L”’ level, the data on I/Os are not written except for when I/O = “H’’ at the falling edge of RAS. 
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HM 53462 Series 
@ PAGE MODE WRITE CYCLE (Delayed Write) 


tRRO 


AS — | 
-.—} * RE 


IRP 





| 


“DE oy foes lee iaeal TT 
ey “A 


io. MS 


10 IX MOR TIITIDX, XTX TMT 


1-0 
(O 


utput) 
tpTs tOEH 


DT OF MLLLLLLLLLL 


Note) *1. When WE is ‘high’, the all data on the I/O can be written into the cell. V7ZA Do not care 


When WE is ‘low’, the data on the I/O are not written except for when I/O is ‘high’ 
at the falling edge of RAS. 





@ PAGE MODE WRITE CYCLE (Early Write) 


FRC 





RAS 


CAS ee ay os 
ee iC AH 


mk Se CTT 
we 2X =} a as imal 1 


inoue) “L a ACTIN UIE KILLLLTLL 


(Output) anes z 





DIVOE y NLLLLEELLELELLLLLLLLLLLLLLLLLLLELLLL 


" When WE is ‘low’ , the data on the I/O are not written except for sina I/O is ‘high’ 
at the falling edge of RAS. 
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» DESCRIPTION 


1. LOGIC OPERATION MODE 

HM53462 has an internal logic operation unit 

which makes a process of graphics simple. The logic 
is determined in ‘“‘Logic operation set/reset cycle”’, 
and the operation is executed in every write cycle 
succeeding to the logic operation set/reset cycle. In 
this mode the internal read-modify-write operation 
is executed and the cell data is converted into the 
new data given by the logic operation between Din 
and the old cell data. 


2. LOGIC OPERATION SET/RESET CYCLE 

A logic operation set/reset cycle is performed by 
bringing CAS and WE low when RAS falls (Fig. 1). 
The logic code and the bits to be masked are dater- 
mined respectively by AxO-3 state and I/01-4 state 
at the falling edge of RAS. Furthermore, in this 
cycle CAS before RAS refresh operation is executed, 
too. In the case of executing the conventional‘CAS 
before RAS refresh operation, WE must be high 
when RAS falls. 





2.1. Logic code 


The logic code is shown in Table 1. When power 
RAS 
CAS “L 
Addres FC0-FC3 
WE of Be 


I/O Mask Reg. 2 


is turned on, the logic code is initialized to 
“THROUGH”. If the logic code is (Ax3, Ax2, Axl, 
Ax0) = (0,0, 1, 1), the SAM organization is changed 
to 1,024 x 1 using the internal parallel to serial 
converter (Fig. 2). In the case that the SAM orga- 
nization is changed to 1,024 x 1, one data transfer 
cycle is needed to initialize the SAM selector. 

Once the SAM organization is changed to 1024 x 1, 
this code is maintained unless power is turned off. 


2.2. Write mask 

HM35462 has two kinds of mask registers (register 
1, 2). The register 1 is set by bringing WE low at 
the falling edge of RAS during the write cycle, and 
the mask data is available only in this cycle. The 
register 2 is set by level of I/O in the logic operation 
set/reset cycle, and the mask data is available until 
the next logic operation set/reset cycle. If the re- 
gister 1 is set during the current logic operation 
mode, the mask data of the register | is preferred 
(that of the register 2 is ignored) and the logic be- 
comes “THROUGH” only in this cycle (Fig. 3). 


VY / /\ Do not care 


Fig. 1 LOGIC OPERATION SET/RESET CYCLE 
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Table 1. LOGIC CODE (FCO — FC3 are AXO — AX3 in Logic Operation Set Cycle) 





























FC3 FC2 FCI FCO oe : 
Write Data 
pa ae ed Zero 
o | o | o | 1 | anpi | Di “Mi 
of o {| 1 | o | ANp2 | Di: Mi 
0 | oo | 1 | 1 | x4sx1 | = -> SAM organization changes to 1024 x 1 
o {| 1 | o | o | _AND3 | Di “Mi 
0 ct | ON 1 Di — Logic operation mode reset 
0 1 1 0 EOR | Di‘ Mi+ Di‘ Mi 
0 1 1 OR1 Di + Mi 
ie 0 0 0 NOR Di-Mi_ 
0 0 1 Di: Mi+ Di: Mi 
pe 1 0 Di 
1 1 Di+ Mi 
1 1 0 Mi 
1 oe ae Di + Mi 
1 = | oo | Di+ Mi Di: External Data-in 
1 a ONE —-Mi_: The data of the memory cell 
Fig. 2 THE SHIFT WAY OF SAM DATA 
SAM Data Register Serial I/O 


> Ae eb S1/02 
ae oe. S1/03 
BOr 


1) By 4 mode (SAM organization: 256 x 4) 


tscc 
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2) By 1 mode (SAM organization: 1024 x 1) 


tscc 











SC 
SI Ol 
SI 02 High- Z 
SI 03 High- Z 
, High: Z 
SI.04 





Fig. 3 EXAMPLE OF LOGIC OPERATION MODE 


320 


RAS 0 
CAS “H’ 
1/Ol 
ee 
1/02 Masked “1” Write Masked 
1/03 Masked “0” Write Masked 
ee — 
ea Eee 
Mask reg.2 is set Mask reg.l j 
: g.1 is set, 
: dais . aes a a only in 
See ene tae this cycle. 
aoe to I 01,4:M asked 
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“0” Write 


Masked 
Masked 


“1” Write 


AND1 


HMG3021 Series— 


2048-word x 8-bit Line Memory 


HM63021 is a 2048-word x 8-bit static Serial Access Memory 


(SAM) with separate data inputs and outputs. Owing to internal 


address counter, no address signal from outside is required and 
internal addresses are scanned serially. Using five different address 
scan modes, it is applicable to FIFO memory, double speed 
conversion, 1H delay line and 1H/2H delay line for digital TV 
signals. The minimum cycle times are 28 ns and 34 ns, each of 
which corresponds to 8 fsc of PAL TV signal and NTSC TV 


signal. All inputs and outputs are compatible with TTL. This 
device is packaged in 300 mil dual-in-line plastic package. 





(DP-28N) 


Features 


Five modes for various applications 

Corresponding to Digital TV system of 4 fsc sampling 
(PAL, NTSC) 

Decoder signal output pin; Fewer external circuits 


Asynchronous Read/Write operation; Ordering Information 








Separate address counters for Read/Write 





No Address Input required Type No. oe 
High Speed; Cycle Time sees ns (min) . HM63021P-28 28 ns 
Completely Static Memory; No refresh required HM63021P-34 34 ns 


x8-bit SAM with separate I/O 
Low Power; 250 mW typ. Active 
Single 5 V supply 

TTL compatible 


Pin Arrangement 


Control 


(Top View ) 
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Package 


300 mil 28 


Plastic DIP 


pin 
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Functions 











Mode Input 1 (All Modes) 





Read Clock Input (TBCE, DSC, TBC) 


Clock Input (1 H/ 2H, D) 








Read Reset Input (TBCE, DSC, TBC) 


Reset Input (1 H/2H, D) 





Data Inputs (All Modes) 





Write Enable Input (All Modes) 








High Impedance (TBCE, DSC) 
Write Decode Pulse Output (TBC) 
Decode Pulse Output 1 (1H/2H, D) 














Write Clock Input (TBCE, DSC, TBC) 


Write Timing Input (1H/2H) 
Decode Pulse Output 4 (D) 








Write Reset Input (TBCE, DSC, TBC) 


Delay Select Input (1H/2H) 
Decode Pulse Output 3 (D)_ 








Data Outputs (All Modes) 








Output Enable Input (All Modes) 





Mode Input 3 (TBCE) 


Read Decode Pulse Output (TBC) 
Decode Pulse Output 2 (1H/2H, D) 


Mode Input 2 (All Modes) 





Power Supply (+5V) (All Modes) 


Mode 


Time base compression/expansion (TBCE) 


Double speed conversion (DSC) 
Time base correction (TBC) 





HM63021 Series 
| , Pin Description 
Pin No. Pin Name 
1 MODEI1 
2 RCLK/CLK 
3 RRES/RES 
4-11 Din 0 — Din 7 
12. WE 
13 High Z/WDEC/DEC1 
14 Vss Ground (All Modes) 
15 WCLK/WT/DEC4 
16 WRES/DS/DEC3 
17-24 Dout 0 — Dout 7 
25 OE 
| ig oS ae 
| 26 MODE3/RDEC/DEC2 
| 
| 27 MODE2 
| 28 Vcc 
Mode Table 
_ Mode Signals 
MODE]1 MODE2 MODE3 
H H H 
H H L 
H L al 
L H zeit 1H/2H delay (1H/2H) 
L L 7 Delay line (D) 
Note) *1. Decoder Output Signal (RDEC, DEC2) 


Absolute Maximum Ratings 



































Parameter Symbol Rating Unit 
Terminal Voltage relative to Vsg VT 0.5"! to +7.0 Vv 
Power Dissipation Pr 10 OW 
Operating Temperature Topr 0 to +70 7c 
Storage Temperature Tstg —55 to +125 6 
Note) *1. —3.5V for pulse width S10 ns 
@ HITACHI 
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Application Example 


Picture in Picture 
Non interlace 

Time Base Corrector 
Vertical filter 

Delay line 
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Block Diagram 







Vee Vss WE DinO _—Din7 


OP Write Address 
Control 


O 
= Address fe 


Decoder 








Write Column Decoder 


Write Column Switch 


ae a 


Memory 







RCLK/CLK 


RRES/RES 






WCLK/WT 





Timing 
Control 
Logic 






















WRES/DS 


MODE1 







Decoder Decoder 













MODE2 is 


(128x64 ) 


B 
(128x64 ) 








MODE3 






(2047 ) RDEC 
900, 181 — 
Read Column Switch : 0) DEC1 
Address (909, 1819) DEC2 

Decoder (1134) 
Read Column Decoder DEC3 
(1125) DECA 





e Control 
Ye ~ YB 
& 


Dout0 Dout?7 OE 





Recommended DC Operating Conditions (Ja = 0 to +70°C) 


Parameter Symbol min typ max Unit 
Vv 4. : . 
Vss 0 0 0 Vv 
Vv a 
VIL —0.5 _ 0.8 V 


Note) *1. Vy zz min = —3.0V for pulse width < 10 ns 
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DC and Operating Characteristics (Ta= 0 to +70°C, Vec = 5V t 10%, Vgg = OV) 








Parameter Symbol min typ max Unit Test Conditions 
. Voc =5.5 V 
Input Leakage Current py! - = 10 uA vee Vsg to Voc 
OE = Vin 
I ~ — 10 A 
Output Leakage Current lILol M Vout = Vss to Vec 
Operating Power Supply Current Icc = 50 90 mA Min. cycle, IJout = 0 mA 
ee Jot = 8 mA, Dout 0 to Dout 7, 
VOL ~ ~ Os i DEC Output pin 
Output Voltage 24 7 2 Vv IoL' = -4 mA, Dout 0 to Dout 7 
VoOH ° pin 
2.4 = ‘es Vv Ion =-1 mA, DEC Output pin 





Capacitance (Ta = 25°C, f= 1.0 MHz) 











Parameter Symbol min typ max Unit Conditions 
Input Capacitance Cin = _— 6 pF Vin = 0V 
i _— 
Output Capacitance 2 Cout ~ — 9 pF Vout = 0V 


Notes) *1. This parameter is sampled and not 100% tested. 
*2. 13,15 — 24, 26 pin 


AC Characteristics (Vec= 5V + 10%, Ta=0 to +70°C) 
@ AC Test Conditions 
Input and Output timing reference levels: 1.5V 
Input pulse levels: Vsg to 3V 
Input rise and fall times: 5 ns 


DEC Output Load Output Load (A) Output Load (B) 


(toxz, tonz) 


+5V 


30pF * 1 


*1 
30pF 


* Including scope and jig. 











Read Cycle 
HM63021-28 HM63021-34 ; 
Parameter Symbol — Unit 
min max min max 
Read Cycle Time tRC 28 — 34 _ ns 
t 10 ~ 10 ~ 
Read Clock Width nee = 
tRWH 10 ee 10 a ns 
Access Time tac —- 20 — 25 ns 
Decode Output Access Time _(all) tpar CO = 25 sa 
(rise) tpA2 _ 40 _ 50 ns 
Output Hold Time toH 5 ~ 5 — ns 
fall t 5 - 5 a 
Decode Output Hold Time ( - 2 Ct = 
(rise) tpOH2 5 - 5 — ns 
Output Enable Access Time tOE —- 20 20 ns 
Output Disable to Output in High Z tOHZ 0 15 0 20 ns 
Output Enable to Output in Low Z tOoLz 5 ~ 5 — ns 
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Mode Description 


@ Time base compression/expansion Mode 


This mode turns HM63021 to 2048-word x 8-bit 
FIFO memory with input/output asynchronized. 
The HM63021 provides 2 clocks (RCLK, WCLK) 
and 2 resets (RRES, WRES) each for read and 
write. The internal address counters increase 1 
address by 1 clock and turn to address O by reset. 
Write stop function in HM63021 stops writing 
automatically after the data is written into all 
addresses 0 to 2047. Write stop function is 
released by reset using WRES and the HM63021 
restarts writing into address 0. 








Double Speed Conversion Mode 

This mode turns HM63021 to 1024-word x 8-bit 
x 2 memory with input/output asynchronized. It 
is used for generating non-interlaced TV signals. 
When the original signal and the interpolation 
signal (1 field delay) of interlaced signals are put 
into the HM63021, being multiplexed per dot, it 











WriteCycle 
HM63021-28 HM63021-34 ; 
Parameter Symbol SE ——— Unit 
min max min max 
Write Cycle Ti eet WE ee 28 - 34 - ns 
ae ee two(1H/2H Mode) 56 ss 68 = ns 
t 10 — 10 - 
Write Clock Width WWL ee en eee, 
twwH 10 — 10 _ ns 
Input Data Setup Time tps 5 — 5 _ ns 
Input Data Hold Time tpH 5 — 5 — ns 
— tWESL 5 — 5 = ns 
WE Setup Time 
P twESH 5 _ 5 — ns 
sie tWEHL 5 _ 5 — ns 
WE Hold Time 
tWEHH 5 — 5 _ ns 
me: twTSL 5 ~ 5 _ ns 
WT Setup Time 
See twTSH 5 = 5 = ns 
a 5 = 5 2 
WT Hold Time Bill = 
tWTHH 5 ~ 5 i ns 
Reset Cycle 
HM63021-28 HM63021-34 
Parameter Symbol : : Unit 
min max min max 
Reset Setup Time tRES 8 = 9 — ns 
Reset Hold Time tREH 5 = 5 - ns 
Clock Setup Time Before Reset tREPS 8 — 9 7 ns 
Clock Hold Time Before Reset tREPH 5 = 5 = ns 


vided in this mode. Using write stop function, 
this mode is also applicable to PAL TV, where 
extra data (1135-1024 = 111 bits) are neglected. 


TBC Mode 

This mode turns HM63021 to 2048-word x 8-bit 
FIFO memory with input/output asynchronized. 
The HM63021 provides 2 clocks (RCLK, WCLK) 
and 2 resets (RRES, WRES) each for read and 
write. The internal address counters increase 1 
address by 1 clock and turn to O address by reset. 
The internal address counters return to O address 
after they reached address 2047. The HM63021 
outputs write decode pulse from WDEC, syn- 
chronizing with address 2047 in the write address 
counter and read decode pulse from RDEC, syn- 
chronizing with address 2047 in the read address 
counter. Using these pulses, memory area can be 
extended easily (multi-HM63021s are used with 
ease). 











outputs non-interlaced signals per line. 8 fsc @ 1H/2H Delay Mode 

should be put into RCLK and WCLK. Standard This mode turns HM63021 to 1024-word x 8-bit 

H synchronizing signal and non-interlace H x 2 delay line with input/output synchronized. 

synchronizing signal are put into WRES and Delay time is defined by reset period of RES. As 

RRES respectively. Write stop function is pro- the HM63021 outputs 901 decode pulse (DEC1) 
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HM63021 Series 


and 910 decode pulse (DEC2), for example, 
connecting DEC2 to RES outputs 1H and 2H 
delayed signal alternately at 8 fsc cycle when 
Original signal is put into’ at 4 fsc cycle. Write 
stop function is provided in this mode. Using 
write stop function, this mode is also applicable 
to PAL TV, where extra data (1135-1024 = 111 
bits) are neglected. | 

Delay Line Mode 

This mode turns HM63021 to 2048-word x 8-bit 
delay jine with input/output synchronized. Delay 
time (3 — 2048-bit) is defined by reset period of 
RES. 2048-bit is delayed when RES is fixed 
High. Signals delayed by 910, 1126 or 1135 bits 
for example, can be easily obtained without 
external circuits by connecting selected decoded 
pulses on DEC1 — DEC4 to RES. 











(1) Read after Write (3 bits delay) 


Considerations on Using HM63021 
@ |t is recommended that pin. No. 13 (High Im- 


pedance) is pulled up or pulled down with the 
resistor (several kQ2) in TBC or DSC mode. 


It is recommended that mode signal input pins 
are pulled up or pulled down with the resistor 
(several kQ). 


Data integrity is not guaranteed when mode is 
changed in the operation. 


When read address coincides with write address 
in TBCE, TBC and DSC modes, the data is 
written correctly but is not always assured to be 
read correctly. 


~<t— Write Cycle 


<@— Read Cycle 


<—— Write Cycle 


<— Read Cycle 
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Decode Signal 


When internal address counter reaches the specified address as shown below, Decode outputs become low. 





Pin Pin Internal Address Timing of the 











Mode No. Name counter Output Signal Operation 
TBC 13 WDEC Write 2047 After Write 2047 Completion of Writing on all bits is detected. 
26 RDEC _ Read 2047 Output of 2046 Completion of Reading from all bits is detected. 
ee Far By inputting this signal to pin #3, 901/1802 bits 
aia 13 DEC1 Read 900 (2H) Output of 900 (1H) delay output is obtained. 
Serer By inputting this signal to pin #3, 910/1820 bits 
26 DEC2 Read 909 (2H) Output of 909 (1H) delay output is obtained. 
Read 900 Output of 899 itt odnes to pin #3, 901 bits delay 
13 DEC] By inputting this signal to pin #3 after the 
Read 1810 Output of 1809 frequency of DEC1 is devided into two, 1811 bits 
delay output is obtained. 
Read 909 Output of 908 aed Leo men to pin #3, 910 bits delay 
Del a eS SSS eee ; 
tine” 26 DEC2 By inputting this signal to pin #3 after the 
Read 1819 Output of 1818 frequency of DEC2 is devided into two, 1820 bits 
delay output is obtained. 
16 DEC3 Read 1134 Output of 1133 A oeae liad a ae elated 
15 DEC4 Read 1125 Output of 1124 By inputting this signal to pin #3, 1126 bits delay 


output is obtained. 
Note) When counter is reset by Reset Signal (RRES, RES, WRES), address becomes 0. 








Write Stop Function 


When internal counter address is as follows, writing is stopped automatically for the next cycle. The write 
stop is cancelled by reset through WRES or RES. 


Write Stop Function 


Mode (internal counter address) 
TBCE Write stop after address 2047 
DSC Write stop after address 1023 x 2 
TBC No function 
1H/2H Write stop after address 1023 
D No function 


Note) When address counter is reset by WRES or RES, address becomes 0. 


@ HITACHI 
Hitachi America Ltd. ¢ 2210 O'Toole Ave. « San Jose, CA 95131 © (408) 435-8300 327 


HM63021 Series 


Read Reset Cycle (TBCE, TBC Modes) 


Ee 
0 Ee 
n-l oo n peee y =e Si | Second Cae | Third Cycle 


=s=An4 


ton ton 


RR ae N | errr 


tac tac 


pa an KX KY 





Notes) *1. Read address counter is reset at the first falling edge of RCLK after RRES falls meeting the specifications 
trEps and tpEpH, and is not reset at the next falling edge of RCLK even if RRES keeps low. 
When tres, trEH> tREPs and trEpH can not meet the specifications, reset operation is not guaranteed. 


| *2. Output is read address of previous cycle. 
*3. When RRES is fixed high, the data at the read address counter is reset after the data of address 2047 outputs, 


and then circulates. 


Write Reset Cycle (TBCE, TBC Modes) 


Reset 
Address 0 
Se a 


lreps tren 


= mm + 
wR? 77777777 7y | AN TTT 


tps |t px 


XK (=) XXX!) KXXAK ( KKK XK (2) XX) 


t wesi|¢ wea 





Note) *1. Write address counter is reset at the first falling edge of WCLK after WRES falls meeting the specifications 
tREps and tpepy, and is not reset at the next falling edge of WCLK even if WRES keeps low. 
When tres, tREH, tREps and tpEpH can not meet the specifications, reset operation is not guaranteed. 
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Reset Cycle (DSC Mode) 


WCLK 



















tres tren 


Nee, 


m= AI 


trepu treps 





Din PES LIED OCD CINE VED) CD EOC OED. 


RCLK 
*2, *3, #4 


mes TP Cie TRAIT eee, 


Ereps\t REPH 





* * * 


{ k--—-——_- 
Reset Timing 1 Reset Timing 2 


Notes) *1. Write address counter is reset at the first falling edge of WCLK after WRES falls meeting specifications tREps 

and tREPH, and is not reset at the next falling edge of WCLK even if WRES keeps low. 
When tRES,tREH, tREPS and tREPH can not meet the specifications, reset operation is not guaranteed. 

*2. Read address counter is reset at the first falling edge of RCLK after RRES falls meeting specifications treps 
and tREPH, and is not reset at the next falling edge of RCLK even if RRES keeps low. 
When ¢(RES, tREH, tREPS and tREPH can not meet the specifications, reset operation is not guaranteed. 

*3. When tRES, tREH, tREPS and tREPH can not meet the specifications, output of video signal A is not guaran- 
teed. (Reset Timing D 

*4. When tRES, tREH, tREPS and tREPH can not meet the specifications, interpolation signal B is not guaranteed. 
(Reset Timing II) 
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HM63021 Series 


Reset Cycle (1H/2H Mode) 


fear Address Address Address 
° 0(1H )Output]]0(2H }Output 0 Input 


“am 
imme e, NESTE oN 


twrsn twrun 


treps tren 


TTT WO | WATT 


tositon *1 


EID. 0.0.0056505050, EID, 0.00.50500% REIN 0505070.01010.0, ITD 0502020 


C2 XY 2 XK XY Ae tettet OK! 
1 2 1 


2H 1H H 


twese | t wen 


(High) or (Low) 





Notes)*1. WT is input in a half cycle of CLK meeting specification twrs_L, twTHL, twTSH and twTHH. Data is written 

when WT is Low. Reset is possible when WT is High. ees, 

*2. Read address counter is reset at the first falling edge of CLK after RES falls meeting specifications traps and 
tREPH, and is not reset at the next falling edge of CLK even if RES keeps low. 
When tRES, tREH, tREPS and tREPH can not meet the specifications, reset operation is not guaranteed. 

*3. When DS is fixed high, 1H output data is delayed by n bits and 2H output data is delayed by 2n bits where 2n 
is the reset cycle of RES. 
When DS is fixed low, 1H output data is delayed by n-5 bits and 2H output data is delayed by 2n-S bits. 
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HM63021 Series 


Reset Cycle (D Mode) 


CLK 


tren 


Be ITT BL TT 


eee Bs ete Ln f[\ /N 


ms (8) XK 2) XK) Ce RK KEK KEK XD 


tac lac 


box Xe XKK HD XRK A XRK tHe Decne 





Note) *1. Read address counter is reset at the first falling edge of CLK after RES falls meeting specifications tpreps 
and tREPH, and is not reset at the next falling edge of CLK even if RES keeps low. 
When tres, tREH, tREPS and trEpH can not meet the specifications, reset operation is not guaranteed. 


Write Enable (TBCE, DSC, TBC, D Modes) 


\ 


|S AY 


tos |ton 


ae 
XX 0) KEK DKK KAKA RO 2 5X 





Notes) *1. When twEHL, twESH; twEHH 2nd twEsL can not meet this specifications, Write Enable operation is not 
guaranteed. 
*2. In delay line mode, CLK takes the place of WCLK. 
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HM63021 Series 


Write Enable (1H/2H Mode) 






I ama ton 
twrst twrue 


if SAF SS 








t we anne 
t went 
twese 


WE*! Nr Ook 


tos ="2eee 


XX) XXKKXKK XXXII AAA 8 XK 





Note) *1. When ‘WTSL: twrHL> twEHL and twFEHH can not meet the specifications, Write Enable operation is not 
guaranteed. 


Decode Output (TBC, D Modes) 


CLK * 1 
WCLK 
RCLK 


DEC *2 





Notes) *1. In TBC mode, WCLK or RCLK takes the place of CLK. 
*2. DEC is WDEC or RDEC in TBC, DEC1, DEC2, DEC3 or DEC4 in D. 














Decode Output (1H/2H Modes) 





Note) *1. When twTs_L, tWTHL, twrsH> tWTHH can not meet the specifications, decode output operation is not guaran- 
teed. 
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HM63021 Series 


Output Enable (All Modes) 


Dout *1 Data Valid \ Data Valid 





Note) *1. Transition of toyz and twLzis measured +200 mV from steady state voltage with Output Load B. 
This parameter is sampled and not 100% tested. 
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MOS DYNAMIC RAM 
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HM50464 Series 


65536-word x 4-bit Dynamic Random Access Memory 
FEATURES 

Page mode capability 

Single 5V (+ 10%) 

On chip substrate bias generator 

Low power: 350 mW active, 20 mW standby 

High speed: Access Time 120ns/150ns/200ns 

Output data controlled by CAS or OE 

TTL compatible 
256 refresh cycles 
3 variations of refresh 


4ms 

RAS only refresh 

CAS before RAS refresh 
Hidden refresh 


se © © © © © @ @ 


@@eee @e@ee@ 08S 


mw ORDERING INFORMATION 
Type No. 










Access Time Package 






















HM50464P-12 120ns 
HM5S0464P-15 150ns state : pin 
HM50464P-20 200ns 

HM50464CP-12 120ns 

HM50464CP-15 150ns 18 pin PLCC 





HM50464CP-20 200ns 


= BLOCK DIAGRAM 


1/0 1/0 1/01/0 
12 34 


Wilt Gat ae = OE 
Data Input = ras Clock Generator 
== D: 











AIA 
is 
CAS ! 
Memory Array 
RAS 
Ai 


Memory Arrav 
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HM50464P Series 


(DP-18B) 


HM50464CP Series 


S 





(CP-18) 





a PIN ARRANGEMENT 
@HM50464P Series 





(Top View) 
@ HM50464CP Series 





8 9 10 11 
LJ Ld) Cy CT) 
Ag Vee Az Ns 


(Top View) 
Ao —A, | Address Inputs 
CAS Column Address Strobe 
I vod, Data In/Data Out 
OE | Output Enable © 
RAS Row Address Strobe 


W Read/Write Input 
Power (+5V) 
Ground 


Refresh Address Inputs 
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HM50464 Series 


= ABSOLUTE MAXIMUM RATINGS 


[ter Unit 
Voltage on any pin relative to Vgg Vv 
Supply Voltage relative to Vgg Vcc V 
Operating Temperature (Ambient) =¢ 
Storage Temperature (Ambient) Tstg i 6 
Power Dissipation W 
Short Circuit Output Current mA 


= RECOMMENDED DC OPERATING CONDITION (Ta = 0 to +70°C) 
Parameter 
Supply Voltage 
Input High Voltage 








Input Low Voltage 


Note) All voltage referenced to Vgs. 
= DC ELECTRICAL CHARACTERISTICS (Vcc = SV +10%, Vss = OV, Ta = 0 to +70°C) 


HM50464-12 HM50464-15 HM50464-20 
eandie semtot 5 Nee 





Standby Current (RAS = V;;;, Dout = Disable) flecn | - | 45 | - [ 45 [ - [ 45 [ma | 
Refresh Current (RAS only refresh, trc = min.) | 62 | - | 53 [| - | 42 [| ma) 
Standby Current (RAS = Vj; Dout = Enable) Ices SL eS 1 
Refresh Current (CAS before RAS refresh, tec = min.) ficcs | - | 69 | - | 58 | -_ | 45 mA 1 
Operating Current (Page mode, f pc = min.) lIcc7 | - | 57 | - [ 48 | - | 37. [ma] 1 
Input Leakage Current (0 < Vin < 7V) fe tp aetee ete 
Output Leakage Current (0 < Vout < 7V,Dout = Disable)| /z70 | -10 | | -10 | 10 {| -10 | 10 | wa | 
Output Low Voltage (lout = 4.2 mA) VOL a ae a ae a ee ee ee ee 
Note) 1. J¢c depends on output loading condition when the device is selected, cc max. is specified at the output open 
condition. 
= CAPACITANCE (Vcc = 5V + 10%, Ta = 25°C) 


Parameter 


| c 
Input Capacitance 


RAS, CAS, WE, OE cn 
Output Capacitance Data In/Data Out 


Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vj, to disable Dout. 


= ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc = 5V +10%, Vss = OV, Ta = 0 to +70°C) 


HM50464-12 HM50464-15 HM50464-20 ; | 
Parameter ; Symbol nin Unit |Note 
max. 


yp 


fa) 
xe 
13 
ed oe 
2 
+ 
no] 
“Ti 
— 


ee 
= 
: 


: 











<— some | max. | min. 

secon Tine Tom ES 1777 
Access Time from CAS Mee eo eo 
Output Buffer Turn-off Delay referenced to CAS rT ns 5 
Transition Time (Rise and Fall) 3 | 50 | ns | 6 
Random Read or Write Cycle Time | trc | 220 | - | 20 | - | 330 | - | ns | 
“RAS Precharge Tin Ciee | 90_[ = | a= 0 = oe 
Ras Pose Wien joo00 | 130 | T0000 [~200 | T0000 [ns 
CAS Pulse Width 60 | 10000 | 75 | 10000 | 100 {| 10000 | ns | 
RAS to CAS Delay Time tRCD 25 60 | 25 | 75 [| 30 [ 100 | ns | 7 
RAS Hold Time co | - | 75 | - [100 [| - | ns | 
CAS Hold Time tesn | 120 | - | 150 [ - | 200 | -- | ns | 





(to be continued) 
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HM504 64 Series 


Parameter 


Column Address Set-up Time 
Column Address Hold Time 
Column Address Hold Time referenced to RAS 
Write Command Set-up Time 
Write Command Hold Time 
Write Command Hold Time referenced to RAS 
Write Command Pulse Width 
Write Command to RAS Lead Time 
Write Command to CAS Lead Time 
Data-in Set-up Time 
Data-in Hold Time 
Data-in Hold Time referenced to RAS 
Read Command Set-up Time 
Read Command Hold Time referenced to CAS 
Read Command Hold Time referenced to RAS 
Refresh Period 
Read-Write Cycle Time 
to WE Delay Time 
RAS to WE Delay Time 
CAS Precharge Time 
CAS Set-up Time (CAS before RAS refresh) 
CAS Hold Time (CAS before RAS refresh) 
RAS Precharge to CAS Hold Time 
Access Time from OE 


!ASC 
‘CAH 
‘AR 
twos 
!WCH_ 
'WCR 


id 
oO 


wn 
A 
3 
o 
2 


'RWL 
'CWL 
DS 
(DH 
'DHR 


~ 


tRRH 


‘RWC 05 


{CWD 


50 


CSR 
120 


~ | oe ae ie’ ~ ~ > | om 
SIS |S lolwia ld ia % |p 
m1 > x aS) we 9 


Output Buffer Turn-off Delay referenced to OE tOFF2 

OE to Data-in Delay Time 30 
OE Hold Time referenced to WE 25 
Page Mode Cycle Time tpc 

CAS Precharge Time (for Page-mode Cycle Onty) top 


CAS Read-modify-write Cycle Time (Page-mode) 
Notes) 


w 
oS 
oO 


ls 
io) 
: 


HM50464-12 


HM50464-15 HM50464-20 


Unit jNote 





a 
on a ee ee ea 
ee i oe ee ee 
| - Pee SO eons. | 
poe 0) | Ons | 8 
ps4 45 | - | SS [| — [ns | 

| wo [| - | iss | = | ns | 
Pe a ss |_| as | 
ee a ee ce eee 
Pp - {| 45 | - | 85 [| - [as | 
a eee ee ee ee 
ee ee ee ee 
P = | 20 [| = 5s | - T ns | 

sce Ocal a er ee 

i | 

AO ai 

Lees 

125 8 

8 


w 


ww 


o};o 


N 
i) 


150 


> 
wa 


50 


© 


ww 


— 
> 
ws 


Ww 
iF) 
w 
— Lo) 


nN 
EE 
wa 


1. AC measurements assume t7 = Sns. 8. twos, tcwp and trwp are not restrictive operating 
2. Assume that trcp S trcp (max). If trcp is parameters. They are included in the data sheet as 
greater than the maximum recommended value electrical characteristics only: if twosZtwcs (min), 
shown in this table, tp 4c exceeds the value shown. the cycle is an early write cycle and the data out pin 
3. Measured with a load circuit equivalent to 2TTL will remain open circuit (high impedance) through- 
loads and LOOpF. out the entire cycle; if towp 2 tcwp (min) and 
4. Assumes that trcp 2 trcp (max). trwp = tRwp (min), the cycle is a read/write and 
5. torr (max) defines the time at which the output the data output will contain data read from the 
achieves the open circuit condition and is not selected cell; if neither of the above sets. of condi- 
referenced to output voltage levels. tions is satisfied, the condition of the data out (at 
6. Vyzy (min) and Vz, (max) are reference levels for access time) is indeterminate. 
measuring timing of input signals. Also, transition 9. These parameters are referenced to CAS leading edge 
times are measured between V7;, and V7,. in early write cycles and to WE leading edge in 
7. Operation with the tpcp (max) limit insures that delayed write or read-modify-write cycles. 
‘RAC (max) can be met, trcp (max) is specified as 10. An initial pause of 100 us is required after power-up 
a reference point only, if trcp is greater than the followed by a minimum of 8 initialization of cycles. 
specified trcp (max) limit, then access time is 11. Minimum of 8 CAS before RAS refresh is required 
controlled exclusively be tc4c. before using internal refresh counter. 

12. In delayed write or read-modify-write cycles, OE 
must disable output buffers prior to applying data to 
the device. 
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HM504 64 Series 


@ TIMING WAVEFORMS 
e READCYCLE 





tASR 


iz 


Address “/) ROW HO umale 
is 


| KZZZLL 


tRRH 








Nete)///]: Don’t care 


e EARLY WRITE CYCLE 


es Ug ty aes oe sa 


tRAS - 
[RP --o 
— tres y——— | | 


| trop- fC .as ty ae 


om | 


a ——tCpn 








eo 





tASR 


Address [on coin mbt 
a 


nae ein: 


trywy —-———— aie 


we TTA TTT 


jb __ Pyyry? 














pe——— fH 
pe HDR sd 


bo TTD Cam wrt XT 


=| 
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HM50464 Series 


e DELAYED WRITE CYCLE 
RAS 











CAS 
pe le 
tics” KROL COLYT TTT [TD 
— = RWL 
wZ7TLTTTT IN TTT TTT? 
1/O 


ras 
LLL LL LL GR MADIPLY PIT IAI SZ. 


tps 
tOEH 


topp 


oe / ////// (Cai maa ae: 
Note) 77/7]: Don’t care 





— yl ein 
wf T/T ID cae OND LY 


Note) (77: Don’t care 
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e RAS ONLY REFRESH CYCLE 





Notes) 1. OE, WE : Don’t care 
2.7/7): Don’t care 
e HIDDEN REFRESH CYCLE 
aay tre 
RAS tRAS trp 
hes 
trop 
A 
as 
tASR tC AH 
aa ar es . 
Address JM ROW [KM OLUMNK/// Don't care ‘ LIST T 
tRCS {RCH 
VISIT men! KC 
WE RRH 
tcac 
tRAC tOFF: 
High-Z 
1/0 2 < VALID OUTPUT B 


toac toFF2 
OE 


Note) 7/7} : Don’t care 
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HM50464 Series 


341 





HM50464 Series 


e CAS BEFORE RAS REFRESH CYCLE 








address”) /P//L/ LLL LL vont eae LL LLL LLLLL 


e COUNTER TEST 


trp 
RAS (REFRESH) (READ/WRITE) 
{CSR 

CAS tcHR {CAs 
tcp— 
tasc ICAH 

address? / PJ /LLL LL LLL IR _ OLN K/L 
WE 


wae m nn www ew owen ewe we wee ee ow 






OE 


Nee ae ae we we 


Notes) 1. Dotted-line Means Read Cycle. 2.//7//: Don’t care 


e PAGE MODE READ CYCLE 


tras 


RAS 


tcsH 

{RSH 
trop tc rp 
{CAS tc Aas 


I | 
4d 


CAS tC AS oral 
Address a oS mai ae xs wll, 





Pt ne Pll 
we TTT Y, | Me 
tRAC trey 
to aC to AC tcAc 

fore tOKK torr 

ae jaa 

High-Z 7 High-Z i ALI 

10 Gia (otra got trea 


tac \ 
torre -— 
mE 


Note) (74: Don’t care 
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HM50464 Series 


e PAGE MODE WRITE CYCLE 


RAS tras a 
Address Eee /) LT hm 


{cwr tc Sa 
WE at ea LLL : mm 






tony MDH 


CL) ae LLL He LETT 


tore 


Note) 7/7]: Don’t care 


V0 it 


LOHR 


@ PAGE MODE READ MODIFY WRITE CYCLE 





RAS 











[ieee aaNS 2 
ee awe a 
Me a oH = a LXILLL, 





io TILE: ie 


cE 


) 


a eh haem "W77T 
wr aa" wf 


Note ) V77): Don’t care 
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HMS50465 Series 


65536-word x 4-bit Dynamic Random Access Memory 


s FEATURES 

@® Nibble mode capability 

@ Single 5V (+ 10%) 

@® Onchip substrate bias generator 

@ Low power; 350 mW active, 20 mW standby 

@ High Speed: Access time 120 ns/150 ns/200 ns (max.) 
® Output data controlled by CAS or OE 

@® TTL compatible 

@ 256 refresh cycles....... 4 ms 

® 3 variations of refresh .... RAS only refresh 


CAS before RAS refresh 
Hidden refresh 


m ORDERING INFORMATION 


Access Time 











Package 





HM50465P-12 
HM50465P-15 
HM50465P-20 


300 mil 18 pin 
Plastic DIP 


= BLOCK DIAGRAM 


1/0 1/0 1/01/0 
12 34 


ot} 








Memory Array Memory Arvav 


RAS 


Memory Arrav 


View Generator 
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(DP-18B) 


= PIN ARRANGEMENT 





(Top View) 


Ao ~A,_ | Address Inputs 
CAS | Column Address Strobe 
1/O1 — 1/04 | Data In/Data Out 
OE Output Enable 
RAS Row Address Strobe 
WE Read/Write Input 
Voc Power (+5V) 
Vss Ground 


hen) Refresh Address Inputs 
Ao r) A, . 
(Column) Nibble Address Inputs 
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HM50465 Series 


5B » ABSOLUTE MAXIMUM RATINGS 


item Uni 
Voltage on any pin relative to Vgg ye Vv 
Supply Voltage relative to Vgg Vv 
Operating Temperature (Ambient) i & 
Storage Temperature (Ambient) Tstg eo 
Power Dissipation Pr a ae W 
Short Circuit Output Current mA 


= RECOMMENDED DC OPERATING CONDITION ae = 0 to +70°C) 


Parameter 
Supply Voltage 


Input High Voltage 
Input Low Voltage 
Note) All voltage referenced to Vgg. 


= DC ELECTRICAL CHARACTERISTICS (Voc = 5V +10%, Vss = OV, Ta = 0 to +70°C) 


0465-20 | 
Sere HM50465-12. | HMS50465-15 | HMS0465-20 Rags 





amin. [max | min. [max | min [ max 


Refresh Current (RAS only refresh, fpc = min.) ot 
Standby Current (RAS = Vyzy, Dout = Enable) Iccs ae /10 | mA | 1 
Refresh Current (CAS before RAS refresh, rRC = min.) lIccs | - | 69 | - [58 | - [45 [ma] 1 
Operating Current (Nibble mode, tyc' = min.) oes [= ps1 fae fa 1 
Input Leakage Current (0 < Vin < 7V) | Izy | -10 | 10 |-10 | 10 | -10 | 10) | uA | 
Output Leakage Current (0 < Vout < 7V, Dout = Disable) | Ito | -10 | 10 }-10 | 10 | -10 | 10° | uA | 
Output High Voltage (four = —5 mA) Voc 

[| VYo, | 9 | 04 | oO | 04 [Oo | 04 Tv | 


Output Low Voltage (lout = 4.2 mA) 














Note) 1. cc depends on output loading condition when the device is selected, Ioc max. is specified at the output open 
condition, 


= CAPACITANCE (Vcc = 5V +10%, Ta = 25°C) 


d PPP 

Input Capacitance ae 
RAS, CAS, WE, OF 

Output Capacitance | Dataln/DataOut_ | co | - | 10 | pF | 1,2 


Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vin to disable Dout. 


™ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc = 5V 10%, Vss = OV, Ta = 0 to +70°C) 


° 
2 3 





Access Time from RAS (RAC | 120] - | 150} - | 200) 

Access Time from CAS | tcac 60 | - [ 7] - | 100] 3,4 
Output Buffer Turn-off Delay referenced to CAS | OFFI Seta 5 
Transition Time (Rise and Fall) tr 3 6 
Random Read or Write Cycle Time | tRC 260 330 | - | 

RAS Precharge Time | trp | 90 | -— | 100 Sa 

RAS Pulse Width a tras | 120 [10000 | 150 |10000 | 200 {10000 

CAS Pulse Width wees “60 |10006 0 [ 100 [10000 | 











RAS to CAS Delay Time 
RAS Hold Time 

CAS Hold Time 

CAS to RAS Precharge Time 
Row Address Set-up Time 
Row Address Hold Time 


E = 





(to be continued) 
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HM50465 Series 


Parameter 


Column Address Set-up Time 
Column Address Hold Time 
Column Address Hold Time referenced to RAS 








Write Command Set-up Time 
Write Command Hold Time 
Write Command Hold Time referenced to RAS 
Write Command Pulse Width 
Write Command to RAS Lead Time 
Write Command to CAS Lead Time 
Data-in Hold Time 
Data-in Hold Time referenced to RAS 
Read Command Set-up Time 
Read Command Hold Time referenced to CAS 
~ Read Command Hold Time referenced to RAS 
“Refresh Period i (i‘CSéSC;C~™ 
~ Read-Write Cycle Time __ 
CAS to WE Delay 
RAS to WE Delay 
CAS Precharge Time 
CAS set-up Time (CAS before RAS refresh) —_ 
CAS Hold Time (CAS before RAS refresh) 
RAS Precharge to CAS Hold Time 
~ Access Time from OF 
Output Buffer Turn-off Delay referenced to OE _ 
OE to Data-in Delay Time 
OE Hold Time referenced to WRITE 
Nibble Mode Access Time 
Nibble Mode RAS Cycle Time 
Nibble Mode RAS Pulse Width 
Nibble Mode Cycle Time 
Nibble Mode CAS Precharge Time 
Nibble Mode CAS Pulse Width 
Nibble Mode Write Command Hold Time 
Nibble Mode RAS Hold Time 











2) 


'OFF2 
‘ODD 
'OEH 
'NAC 
'NRC 
'NRA 


2 


N 


'NCP 
INCA 
'NWCH 
'NRSH 





i 


OO] oO 




















oO} OO 








Ladi I} OO pw] w] re] ~~ 
Ai ME Mm Mi mI Mi Mm! © 


wl & 
p— | pet 
o;o 


nN 
oO 


we} Wt ~3 ow wi) w 



















50 





| 
| 


tl 
3)j;s 
Ala 





> 
wn 


Ww. 
~ 
= 


| 


| 
rvs) 
wn 


> 
Ww 


wile 


a 45 
ocean ian 
Nibble Mode Read-Write Cycle Time | - | 200 | - | ns | 
“Nibble Mode CAS to WE Delay [iwewn | ae ee oe ce 
Nibble Mode Write Command to CAS Lead Time | - [| 45 [ - [as | 
~ Nibble Mode Write Command Pulse Width = a ase | 
Notes) 
1. AC measurements assume rT = 5 ns. 8. twcs. tcwp and trwp are not restrictive operating 
2. Assumes that trcp S trcp (max). If trcp is parameters. They are included in the data sheet as 
greater than the maximum recommended value electrical characteristics only: if ‘wos 2 twcs (min), 
shown in this table, tp 4c exceeds the value shown. the cycle is an early write cycle and the data out pin 
3. Measured with a load circuit equivalent to 2TTL will remain open circuit (high impedance) through- 
loads and 100 pF. out the entire cycle; if tcwp 2 tcwp (min) and 
4. Assumes that trcp 2 trcp (max). tRwD 2 trwp (min), the cycle is a read/write and 
5. torr (max) defines the time at which the output the data output will contain data read from the 
achieves the open circuit condition and is not re- selected cell; if neither of the above sets of condi- 
ferenced to output voltage levels. tions is satisfied, the condition of the data out (at 
6. Vyyz (min) and V7; (max) are reference level for access time) is indeterminate. ae 
measuring timing of input signals. Also, transition 9. These parameters are referenced to CAS leading edge 
times are measured between V7; and V7. in early write cycles and to WE leading edge in de- 
7. Operation with the trcp (max) limit insures that layed write on read-modify-write cycles. 
tRAC (max) can be met, trcp (max) is specified as 10. An initial pause of 100 us is required after power-up 
a reference point only, if trop is greater than the followed by a minimum of 8 initialization of cycles. 
specified trcp (max) limit, then access time is con- 11. Minimum of 8 CAS before RAS refresh is required 
trolled exclusively be tc4c. before using internal refresh counter. 

12. In delayed write or read-modify-write cycles, OE 
must disable output buffers prior to applying data to 
the device. 
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HM50465 Series 


= TIMING WAVEFORMS 
@ Read Cycle 


Address 





{ce 


WE YT NZZZZ 
tRRH 
torr 
V0 Lourpur 2 
tRAC 
fae tOF F2 


OE 


a ea a Se eee eae 


Note)////: Don’t care 





@ Early Write Cycie 





{RC 
RAS tRAS 
; trp 
- ae 
( | 
CAS 
CPN 


tas — 
reste) 
Address’ /K ROW KN eee 7) 


twos al AH 


sal ee 
IRWL 
eae 


mT [bom 


tw 








pee toH 





1/0 


PIII TT 


Notes) 1.0E: Don’t care 
2.777}: Don’t care 
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HM50465 Series 


e Delayed Write Cycle 


RAS 


CAS 





tASR | ICPN 
tAR 
tRAH il 
hdl tASC 


Address (How HC Pcouiny SILI LY 


tCAH 






tCwL 
LRWL 


twp 
'DH 
tDHR 


i (ees 
LITT T Mescwweox TTT ITIL 


tps 


= 
oO 


lOEH 


toDD 


o/ ////// eG aeee se 


Note) ////| : Don’t care 
e Read Modify Write Cycle 


RAS 
trp 
iCRP 
CAS 
LCPN 
| si ta eas 
Address umnK/ /// / > 
CWL 
tRWL 
we // TT) i nn ee 
tRWD tDH 
{CAC 
tRac——e{VALID-my 1+!25 
OPEN | OUTPUT 
vol T/L LTT PAS ORE LLL 
toAc 
LOEH 


eae a) 


Note) (//// : Don’t care 
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HM50465 Series 


@ RAS Only Refresh Cycle 





RAS 


Notes) 1. OE, WE : Don’t care 
2.V77A: Don’t care 


® Hidden Refresh Cycle 


RC 
ae 


treo 


—— ba AH 
a 
Crow MXCOLUMNX//7, bent re 77 


Address’/ ) ear OLUM 





aor 


ICA 


tRAC 
High-Z 
1/0 C | VALID OUTPUT 





Note) 7774: Don’t care 


© CAS Before RAS Refresh Cycle 


RAS 


CAS 





Address 


LLILLLLLLL LL Low a? J LLLLLLLLLLL 
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-HM50465 Series 


e Counter Test 


trp 





ae 
oe (REFRESH) (READ/WRITE) 
iCsR 
CAS oe tcas 
tcp 
: LASC CAH 
address? J J /////// f/f /X_couumn K// / / 
WE ——————— Oooo en ereeees 
OE ‘S - 
ees 
Notes) 1. Dotted Line Means Read Cycle. 
2. WZ: Don't care 
e Nibble Mode Read Cycle 
tnrc 





( 


| 
naaress7 7 fron} Cotnn 
pik age | 
K// . 


we ///// hw YX LLL 


tRAC toFFi Es 
tcac loFF) 


CALM IWATE TS ELL TD 7. 


igo) 


10 {5a>——{ovuh 
tOFF2 
OE ae Si eae a a Si a 


Note) V4: Don’t care 
e Nibble Mode Write Cycle 


: tnrRc 
RAS 
INRA 
tre 


trRco (CAS tne 
tncP. INCA INRSH 


CAS i | ae 


taSR Pica, 
sven ZAHN KCI (TITTLE 
twes a an 
"777 I VZV LD LT 


tpH 


10777777 it 777 eK TN NTT 777 


Notes). 1. OE: Don’t care 


2. (7/| : Don’t care 
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HM50465 Series 
e Nibble Mode Read Modify Write Cycle 


RAS 


INRWC 


trop NCP 
CAS ‘ 


{ASR \. 


ntirns 77) ae 


ty aaa (NCW 


RWI. 


we Dit Le” 
LESSEN S| ER ODD VK 


Ou as) 5 


TTT iyi Ss is MTT 


Note) V///A : Don’t care 
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HMSO256 Series 


262144-word x 1-bit Dynamic Random Access Memory HM50256P Series 


G@ FEATURES 
@ Industry Standard 16-Pin DIP, 18-Pin PLCC, 16-Pin ZIP 
Single 5V (410%) 
On chip substrate bias generator 
Low Power: 350mW active, 20mW standby 
High speed: Access Time 120ns/150ns/200ns(max.) 
Common I/O capability using early write operation 
Page mode capability 
TTL compatible 
256 refresh cycles ---(4ms) _ a ee (DP-16B) 
3 variations of refresh - - - RAS only refresh, CAS before RAS 

refresh, Hidden refresh HMS50256CP Series 





@ ORDERING INFORMATION 








HM50256P-12 : ; . 

HMS50256P-15 =a mil 16 pin Plastic 

HMS50256P-20 

HM50256ZP-12 120ns 

HM50256ZP-15 150ns 16 pin Plastic ZIP 

HMS0256ZP-20 200ns 

HMS50256CP-12 120ns 

HM50256CP-15 150ns 18 pin PLCC (CP-18) 
HMS50256CP-20 200ns 


HM50256ZP Series 


@PIN ARRANGEMENT 
@HM50256P Series @HM50256CP Series @HM50256ZP Series 





(ZP-16) 


= PIN DESCRIPTION 
Ao~As Address Inputs 





7 CAS Column Address Strobe 
i a Din Data In 
(Top View) (Top View) (Bottom View) Hout Das Out 
RAS Row Address Strobe 
WE Read/Write Input 
Vec Power (+5V) 
Vss Ground 
Ao~A;z Refresh Address Inputs 
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HM 50256 Series 


MBLOCK DIAGRAM 






i Data-In Main Amps Data-Out 
Buffer Buffer 





Whe 












n 
saz. = 
C Ase 3 be 
~|e@ 
maa he: 
—| 6 
ald Memory 
e Array 
an: 
#|2 
er a 18 
RASO a v 
au 
Lt 












“ “ 
2 at 
o 
\; 6 Real es 
= 182 
g\|— 
Memory 0 |O | oy 
Buffers Array AR 
a. a 
EJ; S/€E 
<i> |< 
Ao 0 w|O ® 
ot7y] & 
a > 





arQ-ar7, acl) ac? 
Vea 
ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vog .......2-... -1V to +7V 
Operating temperature, Ta (Ambient)......... 0°C to +70°C 
Storage temperature .................. ~55°C to +125°C 
Short circuit output current .................... 50mA 
Power dissipation .............. 0.00 eee ee ec eae 1W 


ME RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 


Supply Voltage | ec | 
fea CemVolaee CE ae SO Coat 


Input Low Voltage Vie 





Note) 1. All voltages referenced to Vss 


WDC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+t10%, Vss—0V) 


Operating Current(RAS, CAS =Cycling : trc=min) | Ter | — | 83 | — | 7 | — | 55 | mA | 1 
Standby Current(RAS = Vin, Dout =High Impedance) | ter | — | 45 | — | 45 [ — | 4.5 | mA | 
Refresh Current(RAS only Refresh, trc™ min) | tes | — | 62 | — | 53 {| — |] 42 | mA | 
Standby Current(RAS = Vix, Dout =Enable) | Tes | — | © | — |] 10 | — | 10 { mA | 1 
Refresh Current(CAS before RAS Refresh, tac=min) | Ice | — | 69 | — | 588) — | 45 | mA | 
Page Mode Supply Current (RAS= Vi, CAS =Cycling, tec =min) | ke | -— | 57] =| @& ] = | 37 | mA | 
Output leakage(0< Veu<7V, Dout = Disable) lio | -10 | 10 | -10 | 10 | -10{ 10 | yA | 


Notes) 1. Icc depends on output loading condition when the device is selected. Icc max is specified at the output open condition. 
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HM 50256 Series 












































































































BECAPACITANCE (%c=5V+110%, Ta=25'C) 
oe [Ades Bas Gas 
Output Capacitance pte ee 2 
Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vix to disable Dout. 
@MELECTRICAL CHARACTERISTICS AND RECOMMENDED AC- OPERATING CONDITIONS 
(Ta=0 to +70°C, Vec=5V+10%, Vss=0V) |” ane 
HM350256-12 | HM50256-15 | HM50256-2( i eae 
Parameter Symbol - Unit | Notes 
in | max | min | max | min 
Random Read or Write Cycle Time 260 a 
Read-Write Cycle Time . 265 Pe | 310 : ns 7 
RAS to CAS Delay Time —_ trep : 30 100 } ns | 7 
Access Time from RAS {RAC 120} - 200 | ns 2.3 
Access Time from CAS) toa 60 hed 100 | ns | ca 
Output Buffer Turn-off Delay tort 30 5 ns _. 
Transition Time (Rise and Fall) if 50 2 ns | 6 
RAS Precharge Time _ te 100 nsf ZZ 
RAS Pulse Width | tras | 120 | 10000 | 150 ooo | ons | 
RAS Hold Time me 60 a ae P= | 100 a ns | 
CAS Hold Time ; tesu | 120 o | -| 20) - fom | 
CAS Pulse Width teas 60 | 10000 | 75 10000 | ns | 
CAS to RAS Precharge Time tere 10 100 | ze = 
Row Address Set-up Time ieee “Fase po —_ 
Row Address Hold: Time a i 
“Column Address Set-up Time ; ee oll ets 
Column Address Hold Time les ale | aoa as 
Column Address Hold Time referenced to RAS = 100 130 ns 
Read Command Set-up Time 
Read Command Hold Time referenced to CAS fRCH _0 
Write Command Set-up Time - re ae 
Write Command Hold Time ton 
Write Command Hold Time referenced to RAS {WR 100 = 120 2: | ons 
Write Command Pulse Width hve 7 
Write Command to RAS Lead Time RIL 
Write Command to CAS Lead Time tows, 








Data-in Set-up Time 

Data-in Hold Time 

Data-in Hold Time referenced to RAS 
RAS to WE Delay 

CAS to WE Delay 





tps 


toy 
tDHR 











Page Mode Read or Write Cycle 
Page Mode Read Modify Write Cycle 








CAS Precharge Time, Page Cycle 


Read Command Hold Time referenced to RAS _ 











Refresh Pertod 








CAS Set-up Time 








CAS Hold Time (CAS before RAS” Refresh) _ 








RAS Precharge to CAS Hold Time 
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Notes 

1. AC measurements assume ¢7 = Sns. 

2. Assumes that trcp < ¢trcp (max). If trop is greater 
than the maximum recommended value shown in this 
table, ‘pr 4c exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and 1O0pF. 

4. Assumes that fpcp2trcp (max). 

5. togr (max) defines the time at which the output 
achieves the open circuit condition and output voltage 
levels are not referred. 

6. Vyz; (min) and V7; (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V7;; and V7,. 

7. Operation with the trcp (max) limit insures that 


frac (max) can be met, frcp (max) is specified as a 
reference point only; if trecp is greater than the 
specified tpep (max) limit, access time is controlled 
exclusively by tcac. 


MTIMING WAVEFORMS 
@READ CYCLE 


8. 


10. 


11. 







HM 50256 Series 





twos, ‘cwp and trwyp are not restrictive operating 
parameters. 

They are included in the data sheet as electrical 
characteristics only; if twos 2fwcg (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if towp 2 tcwp (min) and tRwp 2 
'Rwp (min), the cycle is a read-write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 

These parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

An initial pause of 100us is required after power-up 
then execute at least 8 initialization cycles. 

At least, 8 CAS before RAS refesh cycles are required 
before using internal refresh counter. 





tac 


" re 
’ 





RAS 
~ TL 
tASR 
Se gee 
Vim 
rare LR _ Blime KLAR 
Vin 
a 
Vin 
7 | | / 
Gee 
Vin 
Vor 
Note) V/A: Don’t care 
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HM 50256 Series 


@WRITE CYCLE 


@ READ MODIFY WRITE 


356 


RAS 


ne 
a z 
ame K///V AY) 







= tw 
i s tka | 


Vv 


SL IALS Serer 
Et itch 


‘ TTA eal | SLILTTTL 


aa High Impedance *2 
Notes) *1.[___]|: Don’t care 


* 2. twos 2 twes (min) 


CYCLE 


3 arene 
a i 
= tela 
= “TTF | N MT 
om TINT ST YLLLL. 
a aan ee 


Notes) * 1.7): Don’t care 
* 2. trawo= trwp( min) 
town = tcwn( min) 
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i BO O56 Sorting 


@RAS ONLY REFRESH CYCLE 


{Rc 
im tRAS 
Vie RP 
ICRP 
a we 
Vix r a, 
Vin / 
tASR 
{RAH 

Vin 

Vit 

Vow High Impedance 
Dout ae 

Notes) *1.[/771: Don't care 
* 2. Refresh Address AO-A7(AX0-AX7) 
@®HIDDEN REFRESH CYCLE 
{RC 
tRAS {RAS trp 
Viv (Read _— (Refresh) (Refresh) ———~| 
RAS 
Vie 
LAR 
(RCD | {Cas 


Mm nan 


Vie tase hs 
wm REMC XZ 





jees {RcH 
Vin be an 
* LLNS LL 
Vi tcac tRRH 
torr 
Dout Ns C Valid Data 
Vou 
Note) : Don’t care 
@CAS BEFORE RAS REFRESH CYCLE 
tRP [RAS {Re {RAS 
m aaa Ped 
Vin 


{CHR 


Vin 





Address ‘ 
Don't care 
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HM 50256 Series 





@COUNTER TEST 


@PAGE MODE 


358 


CAS 


trp 









‘Refresh } ‘Read Write 


. ; i 


‘ reas | | 














WE 
Notes) *1.277): Don’t care 
* 2. Dotted Line Means Read Cycle. 
READ CYCLE 
{RAS trp 

oo Vin | 
RAS 

Vit 

_ {Cas 

— Via 
CAS 

Vit 

ASR 
{CAH 
ee 
; Row “Y i cat Col. 

sates ae ee z KP WY Si DRILL 

Vie 
WE 
Dout 


Note) VTA : Don’t care 
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HM 50256 Series 


@PAGE MODE WRITE CYCLE 


{RAS tre 

RAS Vin 

Vin 

(Cas tcas tcas 
= " a = 
tase tASC 
ein ICAH 
| 

Vin 
www EME IN ELD KIL 

Vin 

twcs | twes 
(wen 

Vin 
= “TM! Wall wr || Ym 

Vi / x (Aa. Le / 

tps 

Via 
: Valid Valid Valid 
0 LLLL LE BE IK LD SRR, MERZ 

Von High Impedance * 2 
Dout : 

Vou Notes) *1.(77): Don't care 


* 2. twos 2 twes( min) 


@ PAGE MODE READ MODIFY WRITE CYCLE 








IRAS trp 

Vin 
RAS 

Vin 

trep {cas tcr 

vn Pp ae 
CAS 

Vin 

taSR {CAH 
{CWL 
Vin 
I. 

nine DS KA LLL 8 KILI BDLLLLL,; 

Vin 


trwD {RCS 


pts tcwD 


te eee KEXTIXER 


Vin 


~ 


be 


V Valid Valid Valid 


Notes) *1.//7/: Don’t care 
%* 2. trwo = trwn(min) 


tcwo 2 tcwo( min) 
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HM50257 Series 


262144-word x 1-bit Dynamic Random Access Memory 


@ FEATURES . HM50257P Series 
@ Industry standard16-pin DIP, 18-pin PLCC, 16-Pin ZIP 


Single 5V (10%) 

On chip substrate bias generator 

Low Power: 350mW active, 2OmW standby 

High speed: Access Time 120ns/150ns/200ns (max.) 

Common |/O capability using early write operation 

Nibble mode capability 

TTL compatible 

256 refresh cycles..... (4ms) 

3 Variations of refresh; RAS only refresh, CAS before RAS 
refresh, Hidden refresh 


(DP-16B) 


HM50257CP Series 
@ ORDERING INFORMATION 


HMS50257P-12 secede ieee: 
HMS0257P-15 abe mi pin Plastic 


HM50257P-20 

HMS0257ZP-12 
HM50257ZP-15 
HMS50257ZP-20 
HMS50257CP-12 


16 pin Plastic ZIP 





HM50257CP-15 18 pin PLCC 
HM50257CP-20 
HM50257ZP Series 
m@ PIN ARRANGEMENT 
@ HM50257P Series @ HM50257CP Series @HM50257ZP Series 


(ZP-16) 





Ao~As | Address Inputs 





Din Data In 
Ar Vee Ar As Dout Data Out 
(Top View) (Top View) RAS” Row Address Strobe 
WE Read/Write Input 
Vec Power (+5V) 
Vss Ground 


CAS Column Address Strobe 


Ao~A;, | Refresh Address Inputs 
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—_—_- = IM50257 Series 


@ BLOCK DIAGRAM 


artac& 
; Data -In ia reg & Switches 
Buffer 








Data-Qut 
Buffer 


Pout 




























un n 
e} |e 
CAS S} LIS 
ro) ¥ ro) 
Bale a Memory 
o& | & fo ; 
a - Array 
a 
El ElE 
«| 3a]« 
—— aw fo] [9 
RAS wjOle 
7 .e) 
D n 
a aie | el 
Decoder Po aa Decoder 
Ase R 


S 











Memory 
Array 





Memory 
Array 


arU-ar/,ac0-ac7 
Vea 
Generator 


@ ABSOLUTE MAXIMUM RATINGS 





Buffers 










Column Decoder 
Sense Amps & |’() Gate 


Aoo 


Sense Amps & I ‘() Gates 
‘4 








Voltage on any pin relative to Vgs ...........0.. -1V to +7V 
Operating temperature, Ta (Ambient).......... 0°C to +70°C 
Storage temperature ............-.-2+--0 55°C to +125°C 
Short circuit output current ................20 008. 50mA 
Power dissipation ............ 0.0.0 cece eee eee eee 1W 
@ RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 





Parameter 






Supply Voltage 
















Input High Voltage 








Input Low Voltage 


Note 1) All voltages referenced to Vss. 


MDC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+10%, Vss=0 


7 : eee, HM50257-12 HM50257-15 HM50257-2 a 
Ce ee [min | | max | max — 
Vec 


= |< 


5 
<|< Z 
| add 


1 


Operating Current (RAS, CAS Cycling: trc=min) | Tec. | 55 | 


Stand by Current (RAS = Vju, Dout = High Impedance) Icc2 | | 
Refresh Current (RAS only Refresh, trc=min) Tees | | 
Standby Current (RAS= Vin, Dout Enable) Ices i 
Refresh Current (CAS before RAS Refresh, tac=min)| Ics = 
Nibble Mode Supply Current (RAS= Viz, CAS Cycling, tvc=min) Tecs ae 
Input leakage (0< Vin <7V) 

Output leakage (0< V.iu.<7V, Dout = Disable) 
Output levels High (/...—= —5mA) 

Output levels Low (/..—=4.2mA) 


mA 
mA 
mA 
mA 
mA 
mA 
KA 
KA 


| 42 
| 45 | 
| 10 
| 10 | 
| Vee | 


Note) 1. Icc depends on output loading condition when the device is selected. [cc max, is specified at the output open condition. 


jmax | min | max | min 
i oe ee 
ee ee 
ee eee 
aS ee ae 
| 69 | — | se | 
i Raed ee 
| 10 | -10 | 10 | ~10 | 
| 10 | 10 | 10 | ~10 | 
| Veo | 24 | Veo | 24 
p94 | o [oa | oO | 
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HM50257 Series 


MECAPACITANCE (Vcc=5V+10%, Ta=25°C) 


: Ga eas I ae 


Notes) Capacitance measured with Boonton Meter or effective capacitance measuring method. 


1. 
2. CAS=Vin to disable Dout. 





MELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=0 to +70°C, Vec=5V+10%, Vss=OV) 1 1% 3» 


Bava aine Symbol _M50257-12_| HM50257.15 | HM50257-20 | 1 | 
ameter mbdo nl otes 
ee [min min | max as 
































Random Read or Write Cycle Time tre 220 | —| 20 | —| 330 | —| 

Read-Write Cycle Time trwe 265 ae | 310 | | 390 | = | 

RAS to CAS Delay Time 25 30 | 100 | 7 
Aeceee Tine (oom RAS es ee oe) 23 
Access Time from CAS | 60] - | 75. n 3.4 
Output Buffer Turn-off Delay HB 5 
Transition Time (Rice and Fall) 6 
RAS Pulse Width 120 150 | 10000 10000 | ns 








RAS Hold Time thsi 60 | == | 100 
CAS Hold Time tesw | 120 | -[ 150 | =| 200 | 





CAS Pulse Width tcas 6 
CAS to RAS Precharge Time for? 
Row Address Set-up Time fase 
Row Address Hold Time tRaH 15 
Column Address Set-up Time __ tase 


Column Address Hold Time tCAH 
Column Address Hold Time referenced to RAS” 


10000 75 =| 100 


S 
oOo 
beet 
> 
o 
n 


— 


— 
o;o 





ey 

i 

= 

| 
o|o o/o 


e) — — ~“) 
gi clo wn 


RS 
om 


— 
o~ 
a 
oS 





n nin n 


ly) 

oS 
— 
oS 
oS 
So 
oS 


Read Command Set-up Time {RCS 
Read Command Hold Time referenced to CAS” {RCH ns 
Write Command Set-up Time tives S 8 





2|S|a nial aia oe | oe 
io) ¢ ~ 
o;poinji on oa} ojory a o;}o!;o 


[0] 
Write Command Hold Time hven 40 
Write Command Hold Time referenced to RAS fWeR 
Rrite Command Pulse Width fwe | 40 | 
Write Command to RAS Lead Time tRWL. 
Write Command to CAS Lead Time tow | 40 | 50 
Data-in Set-up Time - ths | 0 
‘Data-in Hold Time ton | 40 | 5 8.9 
in Gell Tine teleeicalta 


— 


Data-in Hold Time referenced to RA {DHR 
RAS to WE Delay trip 
CAS to WE Delay ) town 
Read Command Hold Time referenced to RA tRRH 


— 
iy) 
So 


— 
oS 


Refresh Period CREF 
CAS Setup Time fCsR 


wo 


ro" 
le : 


—_ sa 
7 att — { mm | J} OT] BRO 
i clo t COlhortio!lo 


ise) 
oS 





ee 

oe a 
CAS Enea 
CAS Hold Time (CAS before RAS Refresh) 120 | =| | ons | 
RAS Precharge to CAS Hold Time 0 Pe | = 
Nibble Mode Access Time ltvac [| [88 25 Ht 
Nibble Mode RAS Cycle Time Saat Tin 2 4600 | —| 59 | ~-| ns | 
Nibble Mode RAS Pulse Width tyra | 290 | -- | 350 | - | 460 | ~ |] ns | 
Nibble Mode Cycle Time [tre 5 | -/| 6 | -{| 8 | -| ns | 
Nibble Mode CAS Precharge Time Zz ter 20 | - {| 23 | -| 3 [| — | ns | 
Nibble Mode CAS Pulse Width txca | 5 | = | 5 f= | 3s fo | ons | 

(to be continued ) 
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———HM50257 Series 








= eceasuaeh GAGE GE ae SS 






















































































| HM50257-12 | 1M50257-15 | HM50257-20 . 
Parameter Svmbol r eo RES aE o : Unit | Notes 
min ; max min} max min | max 
ae ts esse oe Se Bsmt eee Sr seinen ene Sle soreseniStit eg sce me eas 
Nibble Mode RAS Hold Time Ghani. Osc. 154 a5 7 
Sree Cg pa a 
Nibble Mode CAS i WE Delay Incw 1) ae ee Ms 35 S 
_Nibble Mode Write Command to C, AS L wcad, Time “ANG Wd. 20 
Nibble Mode Write Command to R: AS Leen Time _ ae ie fe 40 a 
Nibble Mode Write Command Pulse Ww idth ee hue | EU 
Nibble Mode Read Write Cycle Time Penn th fs 
_Nibble Mode Read Write CAS: Pulse W idth” 1 avers T 45 
Notes 
1. AC measurements assume [7 = 5ns. 8. twos, ‘Cwp and trwp are not restrictive operating 
2. Assumes that (rcp <'tRcp (max). If trcp is greater parameters. 


than the maximum recommended value shown in this 
table, ‘rp 4c exceeds the value shown. 


They are included in the data sheet as electrical 
characteristics only; if twos 2twcs (min), the cycle 


3. Measured with a load circuit equivalent to 2TTL loads is an early write cycle and the data output pin will 
and 100pF. remain open circuit (high impedance) throughout the 
4. Assumes that tpcp2trcp (max). entire cycle; if tcwp 2 tcwp (min) and trwp 2 
5. torr (max) defines the time at which the output 'Rwp (min), the cycle is a read-write and the data 
achieves the open circuit condition and output voltage output will contain data read from the selected cell; if 
levels are not referred. neither of the above sets of conditions is: satisfied the 
6. Viz (min) and Vz; (max) are reference levels for condition of the data out (at access time) is indeter- 
measuring timing of input signals. Also, transition minate. 
times are measured between V7;, and V7. 9. These parameters are referenced to CAS leading edge 
7. Operation with the trcp (max) limit insures that in early write cycles and to WE leading edge in delayed 


write or read-modify-write cycles. 
10. An initial pause of 100us is required after power-up 
then excute at least 8 initialization cycles. 
At least, 8 CAS before RAS refresh cycle are required 
before using internal refresh counter. 


trac (max) can be met, trcp (max) is specified as a 
reference point only; if frcp is greater than the 
specified tpcp (max) limit, access time is controlled 
exclusively by tcc. 11. 


MTIMING WAVEFORMS 
@READ CYCLE 











Vin 
RAS 
Vit 
Vin 
CAS 
Vin 
tasR 
we : Col 
Address 


ed 


tRAC 


' High Im 
Dout ve he Inipeddanice Valid Data 


Note ) : Don’t care 


~ 


Oe 


lorr 
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@WRITE CYCLE 


tRAas 
RAS 
{rcp trsu 
ee ae 
me - 


% teas 
ms IN 
tase a 
a ee i : 
Address Row UY) Column 
Wy Address P WY) Address 
ess 





sa TIMI VII. 





ee MMMM 


Notes) *1./77): Don’t care 
* 2. twos = twes( min) 


@ READ MODIFY WRITE CYCLE 





ae OA dll 
=i 


a) LILA 


: 
Dal 
mar 
Di YY YYyyyhny,, i YIM Le 


WRITE 





po——— tac 





* 
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HM50257 Series 


@RAS ONLY REFRESH CYCLE 


tre 


(RAS 
Vin : { 
Vin t 


tcre 


RP 


{RPC 


Ne //// a ROTI, 


tasR 
{RAH 


Vin 
mim TT TOR KIL 
Vin 


Von High Impedance 
Vou Notes) *1./77): Don't care 
* 2. Refresh Address AO-A7(AX0-AX7) 





Dout 


@HIDDEN REFRESH CYCLE 


{RC 
{RAS {RAS {RP 
oe Vin (Read) _——$—=1 (Refresh) (Refresh) — 
RAS 


Viv 
{aR 


{rcv {Cas 


=a 
am REC KCL TT TILLOKO 


CAS 





{rcs tKCH 
Vin fs ae 
LLY CF 
Vin Z| {Cac 
torr 
Von : 
Dout 4 Valid Data 
Vou 


Note ) : Don’t care 


@CAS BEFORE RAS REFRESH CYCLE 





= Vie 
RAS 
Vin 
ae Vin 
CAS 
Vin 
Via 
Address 
a Don't care 
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@ COUNTER TEST 


if: ‘Refresh: Read Write 








Column 
Address 


Viv A 
Address Pont care C2 SLL LLP 
Vin f 


(RCH 


‘ N 
Nee ee ee me me 
Iwcs a 


Notes) *1.£2774: Don’t care 
* 2. Dotted Line Means Read Cycle. 


@NIBBLE MODE READ CYCLE 


tyre 


tyra 





a 
Vin 

i — 

: = 
Vin NCP 


sate D> WER WOT. 
| — 


twac 


Vow YP Valid 7 Valid Valid Valid 
Dout Vor Data Data Data Data 


Note) (77) : Don’t care 
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@NIBBLE MODE WRITE CYCLE 


RC 
Vin 
oe Proreseseteaciment 





ie ES WEIN 
= "TTT sean TT. W7 


WME be EKO 


Vin 
Vin 
Vou High Impedance * 2 
Vi Notes) *1.[7/7] : Don’t care 


* 2. twos 2 twces(min) 


@® NIBBLE MODE READ MODIFY WRITE CYCLE 





‘ accom! 


Vin ~ 
WE 
Vin jc 
Vin mr 


Pad mae a YOKE OK 
bon fa C=) 


Notes) *1./7A: Don’t care 


* 2. trwo= trwp( min) 
tcwo = tcwp(min) 


or 
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FiM51256 Series 


262144-word < 1-bit CMOS Dynamic Random Access Memory HM51256P Series 


i 


eFEATURE 
@ 262, 144 word x 1 bit DRAM 
Plastic 16 pin DIP & 18 pin PLCC 
Double layer Poly-Si/Policide Process, high performance CMOS 
Power supply voltage: 5V + 10% 
Access time 
Row access time: 85/100/120/150ns HM51256CP Series 
Address access time: 40/45/55/70ns 
@ Cycle time 
Random read/write cycle time: 155/180/210/250ns Pas 
High speed page mode cycle time: 50/55/65/80ns 
@ Lower power | 
Standby: 11mW (TTL Level) (CP-18) 
1.1mW (CMOS Level: L-version) HM512562P Series 


Active: 385/330/275/220mW 
@ Input and output: TTL compatible 


@ Refresh: 256 cycles/4ms 
256 cycles/32ms (L-version) 
@ Refresh function: RAS only refresh, CAS before RAS refresh, 


Hidden refresh 
@ High speed page mode capability 
@ Edge triggered write capability 
@® Fast CAS output control 


P 





V 


(DP-16B) 








(ZP-16) 








=» ORDERING INFORMATION 


HMS51256P-8 
HMS1256P-10 





300 mil 16 pin Plastic 





HM51256P-12 DIP 
HM51256P-15 

HM51256CP-8 85ns 

HMS51256CP-10 100ns 
HM51256CP-12 120ns Pe EereG 
HMS51256CP-15 150ns 

HM51256LP-8 85ns 

HMS51256LP-10 100ns 300 mil 16 pin Plastic 
HM51256LP-12 120ns DIP 
HMS51256LP-15 150ns 

HMS51256LCP-8 


HMS51256LCP-10 
HMS1256LCP-12 
HMS1256LCP-15 


HMS51256ZP-8 

HM51256ZP-10 
HMS51256ZP-12 
HMS1256ZP-15 


HMS1256LZP-8 

HMS1256LZP-10 
HMS1256LZP-12 
HMS1256LZP-15 


18 pin PLCC 


16 pin Plastic 
ZIP 
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HM51256 Series 


MPIN ARRANGEMENT 
@ HM51256P Series @ HM51256CP Series @ HM51256ZP Series 







ees ee Ao—As Address Inputs 
CAS Column Address Strobe 
Din Data In 
Dout Data Out 
RAS Row Address Strobe 
WE Read/Write Input 
Vec Power (+5V) 
Vss Ground 
Ao—A, Refresh Address Inputs 


(Bottom View) 





(Top View) (Top View) 
M@ ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin relative to Vgg ... 2.2... ....°TV to +7V 
Operating temperature, Ta (Ambient).......... 0°C to +70°C 
Storage temperature ................... -55°C to +125°C 
Short circuit output current ..................... 50mA 
Power dissipation ..... iy Me Sle eared ech ea aie ah aad RE ae cd 1W 


# BLOCK DIAGRAM 


Dout 


WE o ROW Clock 


Din 
O C) 
Generator Data in Data out 
Buffer Buffer 
CAS oc CAS Clock ma 


Generator 









RAS o RAS Clock 


Generator 





Refresh 
Control 





Memory Array 
262, 1 44bits 








Column Decoder 






Row 
Address 
Buffer 


Address 


Counter 


Sense Amps. and I/O Gates 




















Column 
Address 


Row Decoder 
Buffer 
Veo Oem 
" ° 


gm RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 
=e [os _ 


Vee id 
Input High Voltage Vin V 1 
Vie V 1 


Input Low Voltage LV 


Note) 1. All voltages referenced to Vss 
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HM51256 Series 


MIDC ELECTRICAL CHARACTERISTICS (7z=0 to +70°C, Vec=5V+10%, Vss=0V) 
HM51256-10}HM51256-1 


Parameter m : : . 
= sa a 


Operating Current (RAS, CAS Cycling: trac =min) 


Standby Current (RAS= Vin, Dout = High Impedance) 
Refresh Current (RAS only Refresh, tec =min) 

Notes 1. fee depends on output loading condition when the device is selected. /-c max, is specified at the output open condition. 

2. This specification is guaranteed only for L-version. 7 


= 
nN 
G 
3 
= 
Z 
(o) 
2 
[¢?) 
n 


=: 
> 





Standby Current (RAS = Vin, Dout Enable) 

Refresh Current (CAS before RAS Refresh, frc = min) 
High Speed Page Mode Supply Current (RAS= Viz, CAS Cycling, tec= min.) 
Standby Current (RAS, CAS= Wc —0.2V) 

Input leakage (0< Vin<7V) 

Output leakage (0< Viauw<7V, Dout = Distable) 

Output levels High (Jiu = —5mA) 

Output levels Low (liu =4.2mA ) 





v1 fox) 


oS 





do 
p> 

21S 

So 


| =| 

> =a 

= al=|=[B\e\e[-[e|+|2 
i Re oe hae ae ee ee 


1 
— 
oS 

| 
— 
So 





max 
re 


nN 
=> 
nN 
_ 


MECAPACITANCE (Vcc=5V+10%, Ta=25°C) 












Parameter 


Address, Data-in 


Clocks 


Data-out 


Input Capacitance 














Output Capacitance 


Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vix to disable Dout. 


@ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=0 to +70°C, Vec=5V+10%, Vss=0V) 
@ Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 


HM51256-8 ]HM51256-10|HM51256-12/HM51256-15| ____ 
Parameter Symbol - ; - : Unit | Notes 
min max mim max min max 






























































Random Read or Write Cycle Time | tre =| 155 | — | 180 ae 210 | | 250 ee ie 
RAS Precharge Time | tee | 60 | — | 70 | 80 | — | 90 | — | ns 
RAS Pulse Width 65 |10000 10000] 95 |10000 
CAS Pulse Width | teas | 25 | — | 25 | — | ns 
Column Address Set-up Time 0 0 0 ns 
Column Address Hold Time tean | 15 = 20. 4 
Column Address Hold Time to RAS tar oa 5 | - | 90 | - | - 
RAS to CAS Delay Time 25 | 75 | 25 | 90 | 8 
RAS to Column Address Delay Time 20° 55 20 ns 9 
RAS Hold Time | tersw | 20 | — [25 | - | 30 | — | ns 
CAS Hold Time | tesn =| 85 | — | 100 = 120 ns _ 
CAS toRAS Precharge Time | tere | 10 | — | 10 = 10 = ns 
Row Address Set-up Time | tase | 0 | — | 0 = fo | — | 
Row Address Hold Time a0 aie eee ns Z 
Transition Time (Rise and Fall) 3 | 50 | 3 | 50 | 3 | 50 ns 
Refresh Period tREF | = | 4 ss 4 = 4 ms 
— | 32 | - | 32 | - | 22 ms | 21_ 
® Read Cycle 
| ahs. HM51256-8 [HM51256-10 MS ee See ds a, 
nin max in | max | oi i 
Access Time from RAS He oS ~ | 100 | — | 120 | — | 150 | ns Zao 
Access Time from CAS | tcac | | 25 a | 25 | — | 30 | — | 35 | ns | 3,4 
Access Time from Address Ay el 45 | ~ | 55 | — | 70 | ns | 3,5,14 
Read Command Set-up Time 0 sae | o | - | o | - | os | 
Read Command Hold Time to CAS ee 0 | - | o | — | o | — | os | 
Read Command Hold Time to RAS 10 10 | — [| 10 | — | 10 —— 
Column Address to RAS Lead Time 40 45 = 59 | — | 70 a 
Output Buffer Turn-off Time 0 | 20] o | 2 | 0 | 30 | 0 | 35 6 
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HM51256 Series 











@ Write Cycle 

—. — eae 

| min [max | min [max | min [max | min [max |" [O° 

Write Command Set-up Time twos fo} -]|oj}]-f|of- |} o]—- | os | 10 
Write Command Hold Time tWCH | 20 | - | 2 | -— | 30 | - | 35 [| - | ns | 
Write Command Hold Time to RAS tWweR | 65 | — | == 115.) = ns 
Write Command Pulse Width twp | 15 | — | 20 a 
Write Command to RAS Lead Time tRWL | 20 | — | 2 | - | 30} - | 35 [| - | os | 
Write Command to CAS Lead Time towl. | 20 | — | 2 | - | 30 | - | 35 | - | ns | 
Data-in Set-up Time ON TO | 0 Sa Oe | re 
Data-in Hold Time tH |= | 20 | - | 2 | - | 30 | — | ns {10,11 
Data-in Hold Time to RAS toHR 60 | - | 5 | - | 90 | — | no] — | ns | 


@ Read-Modify-Write Cycle 
HM51256-8 |HM51256-10) HM51256-12|HM51256-15 


Unit | Notes 
no | = [a6 = [ao | = [ow 
Pion] = ae = ise = [me 
Pos [= Pe [= fs [= [me 
P= Te T= Ps [= Po [= [ow [is 


— 


Parameter Symbo 


Oo =] 


Read- Write Cycle Time trwe 
RAS to WE Delay Time trup 
CAS to WE Delay Time tcwn 
Column Address to WE Delay Time tawp 





8 
2 





had 
> 
wn 
— 
— 
on 


=> 


@ Refresh Cycle 





HM51256-8 |HM51256-10| HM51256-12) HM51256-15 
Parameter Symbol |— HIMS1256-10| HM51256-12| HM51256-15 


CAS Set-up Time (CAS before RAS Refresh) 


CAS Hold Time (CAS before RAS Refresh) 
RAS Prechange to CAS Hold Time 





@ High Speed Page Mode Cycle 


Pp b HM51256-10|HM51256-12 
arameter 

ae att ol 
High Speed Page Mode Cycle Time = | 55 | _ 80 | _ 


High Speed Page Mode RAS Pulse Width C 5000 75000} 75 |75000; 95 |75000 
RAS to Second WE Delay Time 
CAS Precharge Time 


Write Invalid Time 











Access Time from Column Precharge Time 












Parameter 






High Speed Page Mode Cycle Time on Read-Write 


= [os — Pow | = [oe 
Pe [no] - [toe 
AC measurements assume [7 = Sns. 


Assumes that tpcp StRcp (max) and tRr4p StRAD (max). If trpcp or tRAp is greater than the maximum 
recommended value show in this table, tr 4¢ exceeds the value shown. 

Measured with a load circuit equivalent to 2TTL loads and 100pF. 

Assumes that tpcp 2 tRCD (max), tRAD StRAD (max). 

Assumes that tpcp StRcp (max) and trap 2 tRAD (max). 

tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to 
output voltage levels. 







Access Time from Previous WE 









Previous WE to Column Address Delay Time 


Notes: 


NN — 


a ead 
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7. 
8. 
9. 


10. 


ViH (min) and Vzz (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vyy and V7;. 

Operation with the tpcp (max) limit insures that tp_4¢ (max) can be met, tRcp (max) is specified as a reference 
point only, if tpcp is greater than the specified trcp (max) limit, then access time is controlled exclusively by tc4c. 
Operation with the tp,4 p (max) limit insures that tp 4¢ (max) can be met, tr 4p (max) is specified as a Re- 
ference point only, if tp 4p is greater than the specified tp 4 p (max) limit, then access time is controlled 
exclusively by t4 4. 

twcs, tRWD. tCWD and t4 wp are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only: if twos 2 twcs (min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle; iftpwp 2 tRwp (min), tcwp 2 tcwD 

(min) and t4wp 2 tawp (min), the cycle is a read/write and the data output will contain data read from the 
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access 

time) is indeterminate. 








11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

12. tRwPc (min) = t4pp (min) + twAp (max) + (7. 

13. Assumes that tw4p Stwap (max). If tw,p is greater than the maximum recomended value shown in this 
table, tpyy4 exceeds the value shown. 

14. Assumes that tw4p 2 twApD (max). 

15. Operation with the tw4 p (max) limit insures that tpy,4 (max) can be met, tw, p (max) is specified as a 
reference point only, if tyw.4p is greater than the specified twp (max) limit, then access time is controlled 
exclusively by t4 4. 

16. An intial pause of 100us is required after power-up then execute at least 8 initialization cycles. 

17. At least, 8 CAS before RAS refresh cycles are required before using internal refresh counter. 

18. Assumes that t4sc=tcp — 5 ns. 

19. traPpc defines RAS pulse width in High Speed Page mode cycle. 

20. Access time is determined by the longer of t4,4 or tC 4c or tcp. 

21. This specification is guaranteed only for L-version. 

MI TIMING WAVEFORMS 

® Read Cycle 


URC 


= In al CRP 





om 


s a ae = 


ea LCAH 


sie Dm MOD = KT 


a foes Ia 


TT - 


Note) : Don’t care 
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; ERC 

Write cyle ws Pn 
RES ies ie 2 eee 
Ph =} 


cat =e LLL LLL 


= TOA —— 


© SILLY = VLLLLLLLLLLLL 


Dout 


: Don’t care 
csat wes (min ) 






ot NE 


= TD) a 
mo 


Din i LT TI TIL. 


oe tn si 

. RWD 
QHITACH! ono eon 
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HM51256 Series 


@RAS Only Refresh Cycle __ 





LTALILTS. NIITT TILT IT. 


Q 
> 
rn 


tasR LRAH 


SAIN TTT LLLLLLLL LLL. 


Dout Open 


Note) 7//| : Don't care 


®@ Hidden Refresh Cycle 


Address 


SLL LIAL LILLIA ALIAS DLT LALLA LA ALL TL 


WE OLILLLLLLLLLLLALAL LALA A AAA ALAA ALAN LL ALLL 


Dout 





Read Refresh 





Note) (4: Don't care 








nae: SILLS LILA DTI LITT III I LIS III AID I ALI IT IID IT AAT TT 


Dout Open 


Note ) > Don't care 
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@ High Speed Page Mode Read Cycle 





. rw 
wl ae 





ris 
7 bol = = HLL LL LLL: 


trac 
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HM51258 Series — 


262 144-word x 1-bit Static Column CMOS Dynamic RAM 


The HM51258 is the 262,144 word by 1 bit static 
column dynamic random access memory utilizing the 
Hitachi 2um CMOS process. 

This device has static column circuit and it is good for 
high performance main storage or for page access 
applications. 

While the row circuitry is still dynamic, and it controls 
the power consumed in the static circuitry. It realizes 
very low power dissipation. 

Multiplexed address and the 16 pin pinout are com- 
patible with the fully dynamic 256K DRAM 
HM50256. 





(DP-16B) 


ee eee 


=PIN ARRANGEMENT 
= FEATURES 
@® 262,144 word x 1 bit SCRAM 
® Double layer Poly-Si/Policide Process, high 
performance CMOS 
@ Power supply voltage 5V + 10% 
@ Access time 
Row access time: 85/100/120/150ns 
Address access time: 40/45/55/70ns 
@ Cycle time 
Random Read&Write cycle time: 155/180/210/250ns 
Static Column cycle time: 45/50/60/75ns 
@ Lower power 
Standby: 11mW (Top View) 
Active: 385/330/275/220mW 
@ Input and output: TTL compatible 
@ Refresh: 256 cycles/4ms 
@ Refresh function: RAS only refresh, CS before 
RAS refresh, Hidden refresh 
@ Static column mode capability 
Edge triggered write capability 
@ Fast CS output contro! 








ORDERING INFORMATION 


Access Time 


Package 












HMS51258P-8 
HM51258P-10 300 mil 16 pin Plastic 
HMS51258P-12 DIP 


HMS51258P-15 
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Se ee ee MO 1 258: Series 


a R/W Clock 
WE 
Generator ataraet 


Buffer 


ts CS Clock ie 


Generator 


® BLOCK DIAGRAM 


RAS RAS Clock 


Generator 


Memory Array 
262,144bits 


Column Decoder 


N 
8 
a 
Oo 
S 
os) 
a 
a 
E 
< 
PA 
a 
v 
7) 





Veo O—™ 
Vap 
Vss O—™ Generator 


=» ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Rating Unit 


a 
Voltage on any pin relative to Vgg Vr Vv 
Supply Voltage relative to Vgg Vcc V 
Short circuit output current mA 
Storage temperature | Taig °C 
= RECOMMENDED DC OPERATING CONDITIONS (7, =0 to +70°C) 
Parameter typ max Unit 


BSN 
~N 


Input high voltage Vin : 
Input low voltage PV 


Note) All voltages referenced to Vgg. 
= DC ELECTRICAL CHARACTERISTICS (Vcec=5V+10%, Vss=0V, T,=0 to +70°C) 


-1.0 Vv 


Ving 
Vin 


to 
p 
wn 
S 
ni wn 
nl wv 
< 











HMS51258-8 HM51258-101HMS51258-12/HM512 
min | max | min | max | min 


ws 


8-15 


Parameter Sybmol Test conditions Unit | Note 











= 
» 
* 
























Operating current ICC] RAS, CS Cycling: tRC=min. . ~ 70 - P60 = 1 
Sundyeunent: icon RAS Vy DoucHiinee | | ne, 

Refresh current Icc3 | RAS only Refresh, tRC=min ~ 70 a 

Standby current | [cc4 | RAS=VrH,DoutEnable = | - | 6 ey 1 
Refresh current Iccs | CS before RAS Refresh. tRC=min 60 55 





Static Column Mode, 
(RSC. tWwSC=min 7 
Vin=0 to 7V -10 10 
Vout=9 to 7V -10 10 


10 
lout=-5MA ? 24 | Vcc!l 2.4 1Vcc 
lout=4.2mA 0[04] 0 | 04 


Note) 1. [cc depends on output loading condition when the device is selected. 
ICC max is specified at the output open condition. 


— 


Operating current 





Input leakage 





Output leakage 


Output high voltage 





N wn |e w w 
“ Oln Olrlo 
gy 
ad 
z» 


~ 
sils|e| 2 |a]-[|15 
Eel Sie Ses fs43 


| 
~ 
co) 
—1 a 
Oo; Oo 
~ 
> 


Output low voltage 
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HM51258 Series SSS SSS SSS SSS 


= CAPACITANCE (Vcc=5V+ 10%, T7=25°C) 






Note Note) 1.-‘Capacitance measured with 
Boonton Meter or effective 
capacitance measuring method. 

2. CS=V 4, to disable Dout. 







Parameter 


Input capacitance 





Output capacitance 


B ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS (7,=0 to +70°C, Voc =5V+10%) 


@ Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 

















| HM51258-8 |HM51258-10|HM51258-121HM51258-15] 

acai ee Pat [as [nie [mea nie Poe [nie P| Ue 
Random Read or Write Cycle Time tre [155] — [180] - | 210] — | 250] — | ns | 
RAS Precharge Time ra a ee 
RAS Pulse With ‘reas [35 [10000] 6s Loood) rs [10000] 95 10000) —ns 
CS Pulse Wien fess | oa a 
RAS to CS Delay Tine Cereb | 20| 60] 25] 75] 25[ 90] 301s | ms | 8 
RAS to Column Address Delay Time ‘trap | 15 | 45 | 20] 55{ 20[ 65{ 25] 80] ns | 9 
RAS Hold Time eae | as = 0) ae 
CS Hold Time scan ese ool ion ast ea 
C$ to RAS Precharge Tins 77 Ce Oe eT 
Row Address Set-Up Time task | O[ - | of - | of - | of - | os | 

“Row Address Hold Tine E970 a NO 
Transition Time (Rise and Fall) ltr =| 3] 50] 3] so] 3] soj{ 3] so} ns | 7 
Refiesh Period ape de ea ee ee a 

@ Read Cycle | 
Acces Time from RAS eae | - | [pe] — me — soe Ts 
Access Time from CS oie) = as as) oo) sa 
Access Time from Address tad | - | 40] — | 45 | — | 55] - | 70{ ns [3,5,14 
Column Address Hold Time to RAS on Read /tar | 85] - | 100] -— | 120] - [150] - | ns | 
Read Command Set-Up Time Rest — | Of] - | ns | 
Read Command Hold Time to CS tRCH ae | Of — | ns | 
Read Command Hold Time to RAS ftrRH | 10]; - | 10] - | 10] - | 10] - | ns | 
Column Address to RAS Lead Time ftran | 40} — | 45] - [| 55[ - | 70] — | ns | 
RAS to Column Address Hold Time tAH [Os bc] 15 SC Sei Sses 16 
Output Hold Time from Address fron {| S| - | 5{ - [| 5S] - [| 5] ~ | ns | 
Output Buffer Turn-off Time ‘torr | O| 20] Of] 25] Of] 30] Of} 35] ns | 6 

@ Write Cycle 
Column Address Set-Up Time ie | ta te OS ope 
Column Address Hold Time vom os | ao ass ao | 
Column Address Hold Time to RAS on Write |tAWR | 60] — | 75{ - | 90] -— | 110] - | ns | 
Write Command Set-Up Time twos Soe} ft} at} SS} 10 
Write Command Hold Time twcH | 20 P25 =f 80. = 35.) = Pons | 
Write Command Hold Time to RAS !twcr | 65 | - | 80] - | 95] - | 11s{ - | ns | 
Write Command Pulse Width we iS ol oe 0 a 
Write Command to RAS Lead Time ltrrwe | 20{ - | 25] - | 30} - | 35] — | ns | 
Write Command to CS Lead Time em 20 ase 0 ase ae 

‘Daten Setup Tine oO S| ol Oe Oe 
Data-in Hold Time toy | 15 | — | 20] - | 25| - | 30] — | ns [10,11 
Datain Hold Tine to RAS Fone | 60 | [sf | sof — [of — [oe 


(to be continued) 
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HM51258 Series 


@ Read-Modify-Write Cycle 


Parameter 
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a 
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YY 
— 
nN ie) ae Eel oA) | Sean taal fee Nol & ] dR] CO} CO 


- Unit {Notes 
max [ min J max | min | max 


r-) 


Read-Write Cycle Time 

RAS to WE Delay Time 

CS to WE Delay Time 

Column Address to WE Delay Time 
Output Hold Time from WE 


N 
E 
v7) 


ro) 
= 
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2 
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° 
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i) 
fo) 
rm | ho 

Wy] mio 

ml Olo 


oy 
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~] 
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@ Refresh Cycle 
CS Set-up Time (CS before RAS Refresh) 
~ GS Hold Time (CS before RAS Refresh) 
RAS Precharge to CS Hold Time 


@ SC Mode Cycle 
SC Mode Cycle Time on Read 


a 


sls) isis 
= 1 x 


g 
C7 


» 
* 


wee 


—_ m1 NO 3 
mt i | NO] nt ra pet pees | tenet No! &al_rNo!] Oi — ‘ 
O1rosynl! altel oe Mm] Olio Mi an”i an! ©! oe; 3 


SC Mode Cycle Time on Write twSC 

RAS to Second WE Delay Time tRSW 

SC Mode RAS Pulse Width tRASC 75000 75000} 95 |75000 

CS Precharge Time tcp rors 

Write Invalid Time tw] Se AS eee 
@ SC Mode Read-Modify-Write and Mixed Cycle 


— — 
— me fm |] BO es] | 
GN At MiMi a M| oO} © 


SC Mode Cycle Time on Read-Write 
Access Time from Previous WE 

Previous WE to Column Address Delay Time | tw 
Column Address Hold Time to Previous WE 
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5 


2 
tS | > 


— — 
> > 
[on) Ww 
i? 
—" 
tO 


> 
© 
Nn Nn 
~ 
ea) 
> So 
ws on) 
© 


: 
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Notes: 1. AC measurements assume ty = Sns. 

2. Assumes that trcp © trop (max) and trap Strap (max). If trcp or trap is greater than the maximum 
recommended value shown in this table, fp 4¢ exceeds the value shown. 

Measured with a load circuit equivalent to 2TTL loads and 1OOpF. 

Assumes that trcep 2 trop (max), tRAD = trAp(max). 

Assumes that fpcp £trcp(max) and trap 2trRap (max). 

torr(max) defines the time at which the output achieves the open circuit condition and is not referenced to 

output voltage levels. 

7. Vyz_(min) and Vz; (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between V7;, and V7. 

8. Operation with the tpcp(max) limit insures that fp 4c(max) can be met, tpcp(max) is specified asa reference 
point only; if frcp is greater than the specified tpcp(max) limit, then access time is controlled exclusively 
by 'caAc: 

9. Operation with the tz4 (max) limit insures that tp ,4c(max) can be met, fr4p(max) is specified as a re- 
ference point only; if trap is greater than the specified fp 4 p(max) limit, then access time is controlled ex- 
Clusively by ta a. 

10. twos,trwp.tcwp and t4 wp are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only: if twos 2 twcs(min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle; iftpwp Ztrwp(min),tcwp 2tcwp(min) 
and tawp =tawp/(min), the cycle is a read/write and the data output will contain data read from the selected 
cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is in- 
determinate. 

11. These parameters are referenced to CS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

12. trwsc(min) = tawp(min) + twaAp (max) +i 

13. Assumes that twap © twap(max). If fwa,p is greater than the maximum recomended value shown in this 
table, tpy,4 exceeds the value shown. 

14. Assumes that tw4p 2 twap(max). 

15. Operation with the ty,p(max) limit insures that tpy4 (max) can be met, fw ,4p(max) is specified as a re- 
ference point only, if fy 4p is greater than the specified ft y4 p(max) limit, then access time is controlled ex- 
Clusively by ta a. 

16. tay defines the time at which the column address hold. 

17. An initial pause of 100us is required after power-up then execute at least 8 initialization cycles. 

18. At least, 8 CS before RAS refresh cycle are required before using internal refresh counter. 
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HM51258 Series — 


a TIMING WAVEFORMS 


@ Read Cycle 
RAS a ey 
ee ee ee ee 


= . 
=== = 
| _, NI 
el ae | 
saiee TVD Tem XT 


a Ea 


Note) [777]: Don’t care 


@ Write Cycle 


tec 
RAS Inas 
Pe 
ee ee re 
a 
lL 


ieee 
nace KENDA ee WILLD 


we L/L LD MILL LLLLL, 
ae eid 


» 77M MTT 


High-Z*? 


Notes) *1.777/ : Don’t care 
*2.twesat wes (min ) 
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—_—____________—_+_——— M51258 Series 


@ Read-Modify-Write Cycle __ tnWC 
RAS 


Al 


ea 
» TALK 


irc 


WE TO Sy 


feta 


soit eae WEHILTTT 


Dou ae (//) 


aa So Don 't care 
icrP rr {RPC 


LLLLLLL LL) ROL TIT, 


ee cwo ee cwo = (in 
(RAH 
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tawp=t awp(min) 


@® RAS Only Refresh Cycle 








(2) 
nm 


tASR 


mais ALT LIM 8 RIL LLL. 


Dout Open 


Note ) : Don’t care 


@ Hidden Refresh Cycle 





[}_——_____fead ___________-}»___________fielresh_________ 
Note) 777]: Don’t care 
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HM51258 Series 


@ CS before RAS Refresh Cycle 











RAS IRAS -- tRas 
cs oe PITTI : re 





Address 


Dout 
Note) ////] : Don’t care 


® Static Column Mode Read Cycle 


Seal 


ae 7 ie = =e a 


tr = 


_ =e ny 


@ Static Column Mode Write Cycle 


RAS 


Zl 


elm 
SN ITLL LE. 






( Dout3 ) 


Note) (77/7): Don’t care 





: HN) 
es. — 7 bef | | tt) 
ie oe 0) Ge a 


ml 





Hf Nf 
ae , i ee = Ral 8 MIMI 
ZIZZO = Cm KZ = KUZZZZ 


Open*? 
Notes) * 1.777) : Don’t care 
* 2. twos twos (min) 
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HM51258 Series 
@ Static Column Mode Read-Modify-Write Cycle 


RAS ; 


; RASC strep 





oii Uj; 





@ Static Column Mode Mixed Cycle 


RAS 


leer Lf 








lASR 
Row 


Address Vi vow | W//X Column 
; -, 
“CR 
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BL + wes tie 


QML LL, 



























LDHR 


a {m2 DPR vous DX 


| Read | Read Modify Write | Note) [77/7] : Don’t care 
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HM514256 Series— —— Preliminary 


262144-word x 4-bit CMOS Dynamic Random Access Memory 


The Hitachi HM514256 Series is a CMOS dynamic RAM or- HM514256P Series 
ganized 262144-word x 4-bit. HM514256 has realized higher 
density, higher performance and various functions by employing 
1.3 um CMOS process technology and some new CMOS circuit 
design technologies. The HM514256 offers Page Mode as a high 
speed access mode. 

Multiplexed address input permits the HM514256 to be 
packaged in standard 20-pin plastic DIP, 20-pin plastic SOJ and 
20-pin plastic ZIP. 


Features (DP-20NA) 
@ HighSpeed ..... Access Time 100/120/150 ns (max) HM514256ZP Series 

@ Lower Power .... Active 300 mW, Standby 11mW 

@ Single 5V (10%) 

@ Page Mode 

@ 512 refreshcycle ..........-. 8 ms 

@ 2 variations of refresh ........ RAS only refresh 


CAS before RAS refresh 


Ordering Information 





Type No. Access Time Package 
HM514256P-10 100 ns (ZP-20) 
HM514256P-12 120ns 300 mil 20 nin Plastic DIP : 
HMS514256P-15 150ns HM514256JP Series 
HMS514256ZP-10 100ns 
HMS514256ZP-12 120ns 20 pin Plastic ZIP 
HM514256ZP-15 150ns 
HMS514256JP-10 100ns 
HM514256JP-12 120ns 20 pin Plastic SOJ 
HM514256JP-15 150ns 





(CP-20D) 


Pin Arrangement 


HM514256P Series HM514256JP Series HM514256ZP Series Pin Description 


AO - A8 Address Inputs 

— ae CAS Column Address Strobe 
CAS 2 3 1/03 I/O -1I/04 Data In/Data Out 

es 5 Vss OE Output Enable 


1/01 6 PM en Saar eee SR LERS TAN Ea terete 
me eee __RAS __ Row Address Strobe __ 
nc toler |? __WE Read/Write Input 
Ay lett |EL AY Vcc Power (+5V) 


A3 14 He Vss Ground 
A416 - AO-A8 Refresh Address Input 


AG 17 AS 
eg 19 A7 


(Top View) AB 20 . Note) The specifications of this de- 
(Top View) (Bottom View) vice are subject to change with- 
out notice. Please contact your 
nearest Hitachi’s Sales Dept. re- 


garding specifications. 
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HM514256 Series 


Block Diagram 


RAS 


Control ‘ 
Circuit i Circuit 





1/01 1/02 1/03 1/04 















I/O Buffer 


1/O Buffer 


Sense Amp. & I/O Bus 






Sense Amp. & I/O Bus 


Column Decoder & Driver 
















Word Driver 


Row Decoder 


Word Driver 
Row Decoder 










Row Address Buffer Column Address Buffer, 


Absolute Maximum Ratings 


Voltage on any pin relative to Vgs....... -1V to +7V 
Operating temperature, Ta(Ambient)..... 0°C to +70°C 
Storage temperature (Ambient) ......... -55°C to +125°C 
Power dissipation ......... 20000 e eee 1W 

Short circuit output current ......... .. 5BOmMA 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Parameter _ Symbol Min Typ Max Unit 
Supply voltage Vcc 4.5 5.0 5.5 V 
Input High voltage ViH 2.4 _ 6.5 V 
Input Low voltage VIL —2.0 — 0.8 Vv 


Note) 1. All voltages referenced to Vgc. 
2. Vi, (min) = -1.0V on I/O1-1/04. 
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HM514256 Series 


DC Electrical Characteristics (Ta = 0 to +70°C, Voc = 5V + 10%, Vgg = OV) 

















Parameter Symbol Min Max Unit Notes 

Operating current 

trc = 260 ns I 40 

trc= 220 ns CCl i 47 mA *1, "4 

trc = 190 ns 55 

— 2 mA TTL Interface 
Standby current Icc2 
— 1 mA CMOS Interface 

Refresh current 

trc = 260 ns I 40 % 

trc = 220 ns CC3 _ 47 mA RAS only Refresh . 

trc = 190 ns 55 
Standby current 

(Dout Enable) oe Iecs _ 5 mA 1 

RAS = Vyy;,, CAS = Viz 
Refresh current 

trc = 260 ns I 40 CAS before 

trc = 220 ns vee = 47 mA RAS Refresh 

trc = 190 ns 55 
Operating current 

trc =105 ns ie 40 po 

trc= 85 ns q = 47 mA ons 

tec: Ging 55 Page mode 
Input leakage 

0 <Vin <7V LI my ” un 
Output leakage ae nos 

i pine . a ILo ~10 10 uA Dout is disabled 
Output levels 

High Jout=—5 mA VoH a Vec ™ 

Low lout=4.2mA VOL 0 0.4 Vv 

Capacitance 
Parameter Symbol Typ Max Unit Notes 

Address Cy ~ 5 pF aD 
RAS, CAS, WE, OE Cp a q pF *2 
Data-In/Data-Out Cio _ 10 pF #2, *3 


Notes) *1. 
condition. 


Icc depends on output loading condition when the device is selected, Ic¢¢ max is specified at the output open 


*2. Capacitance measured with Boonton Meter or effective capacitance measuring method. 


*3. CAS = Vjyy to disable Dout. 


*4. Address can be changed less than 3 times while RAS is Vy]. 


*5. Address can be changed once or less while CAS = Vyyy. 


Electrical Characteristics and Recommended AC Operating Conditions 
(Ta =Oto +70°C, Vcc =5V+t 10%)"! ,*10,*11 | 


Parameter 


Access Time from RAS © 
Access Time from CAS 


Output Buffer Turn-off Delay 


Output Buffer Turn-off Delay referenced to OE torF2 


Transition Time (Rise and Fall) 
Random Read or Write Cycle Time 


RAS Precharge Time 


HMS514256-10 HM514256-12 HMS514256-15 


Symbol : : Unit Notes 
min max min max min max 

tRAC _ 100 - 120 150 ns *2,*3 
tcAc _ 50. + 60 - 75 ns *3,*4 
toFF1 _ 25 - 302i -- 40 ns *5 

— 25 — 30 — 40 ns “5 
ty 3 50 3 50 3 50s ns *6 
tre 190 — 220 ~ 260 _ ns 
trp 80 — 90 — 100 — ns 

(to be continued) 
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HM514256 Series 














HM514256-10 HM514256-12 HM514256-15 ; 
Parameter Symbol ——____——  _ Unit Notes 
min max min max min max 
RAS Pulse Width tRAS 100 10000 120 10000 150 10000 ns 
CAS Pulse Width tcas 50 10000 60 10000 75 10000 ns 
RAS to CAS Delay Time trcD 25 50-25 60 30 75 ns *7 
RAS Hold Time tRSH 50 - 60 ~ 75 - ns 
CAS Hold Time tcsH 100 _ 120 - 150 - ns 
CAS to RAS Precharge Time tcRP 10 — 10 = 10 a ns 
Row Address Setup Time taSR 0 ~ 0 - 0 — ns 
Row Address Hold Time tRAH 15 _ 15 aa 20 - ns 
Column Address Setup Time tasc 0 — 0 _ 0 — ns 
Column Address Hold Time tcAH 20 _ 25 - 25 — ns 
Write Command Setup Time twcs 0 _ 0 - 0 oo ns *8 
Write Command Hold Time twcH 20 _ 25 — 30 — ns 
Write Command Pulse Width twp 15 — 20 ~ 25 - ns 
Write Command to RAS Lead Time trWL 35 _ 40 - 45 — ns 
Write Command to CAS Lead Time tcwL 35 ~ 40 — 45 — ns 
Data-in Setup Time tps 0 ~ 0 - 0 — ns _*9 
Data-in Hold Time toy 20 ~ 25 ~ 30 _ ns *Q 
Read Command Setup Time trcs 0 - 0 _ 0 = ns 
Read Command Hold Time referenced toCAS tpcH 0 = 0 _ 0 = ns 
Read Command Hold Time referenced to RAS trruy 10 = 10 = 10 = ns 
Refresh Period tREF _ 8 — 8 8 ms 
Read-Write Cycle Time tRwc 265 ~ 305 = 360 ~ ns 
Read Modify Write Cycle Time tRws 175 = 205 = 250 = ns 
RAS to WE Delay trwD = 135 _ 160 — 200 — ns 
CAS to WE Delay | tcwD 85 = 100 125 ~ ns -*8 
CAS Setup Time tcsR 10 - 10 — 10 = ns 
CAS Hold Time (CAS before RAS Refresh) tCHR 202C-ti( CS i 30 - sons 
RAS Precharge to CAS Hold Time trec 10 = 10 = 10 = ns 
Page Mode Read or Write Cycle tpc 70 - 85 _ 105 _ ns 
CAS Precharge Time, Page Cycle tcp 10 as 15 z 20 = ns 
Page Mode Read Modify Write Cycle tpcey—Ss«d1:45 ie 170 = 205 = ns 
(Read Modify wete Cyeey. tcrrw 125002 i145 7S os 
Access Time from OE toac = 25 = 30—=Cii 40 ns 
- OE to Data-in Delay Time toppD 25 = 30 2 40 ee ns 
CAS to Data-in Delay Time tcpD 25 ~ 30 - 40 ~ ns 
OE Hold Time reference to Write toEH 25 a 30 ie 35 a ns 
OE Delay Time from Din tpzo 0 es 0 = 0 = ns 
CAS Delay Time from Din tpzc 0 = 0 i 0 ~ ns 


Notes) *1. AC measurements assume ty = 5 ns. 

*2. Assumes that tpcp S trcp (max). If tpcp is greater than the maximum recommended value shown in this 
table, trac exceeds the value shown. 

*3. Measured with a load circuit equivalent to 2TTL loads and 100pF. 

*4,. Assumes that tpcp 2 trcp (max). 

*5. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to 
output voltage levels. 

*6. Vin (min) and Vii (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vy; and Vy,. 

*7. Operation with the tpcp (max) limit insures that trac (max) can be met, tpcp (max) is specified as a refer- 
ence point only, if tpcp is greater than the specified tpcp (max) limit, then access time is controlled exclu- 
sively be tcac. 

*8. twcs and tcwp are not restrictive operating parameters. They are included in the data sheet as electrical charac- 
teristics only: if twcs 2 twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tcwp 2 tcwp (min), the cycle is a read/write and the 
data output will contain data read from the selected cell; if neither of the above sets of conditions is satisfied 
the condition of the data out (at access time) is indeterminate. 

*9, These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

"10. An initial pause of 100us is required after power-up. Then execute at least 8 initialization cycles. 
*11. In delayed write or read-modify-write cycles, OE must disable output buffers prior to applying data to the 
device. 


> 
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HM514256 Series 


Timing Waveforms 
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HM514256 Series 


Delayed Write Cycle 
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Note) *1. (74 : Don’t care 
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HM514256 Series 


Read Modify Write Cycle 


i —e ; i= 
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Note) #1.277Z: Don't care 


RAS Only Refresh Cycle 


Notes) 1. OE, WE : Don’t care 
2VZZ): Don’t care 


CAS before RAS Refresh Cycle 


EE 


Dout High Z 
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HM514256 Series 


Page Mode Read Cycle 
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Note) #1. U/HH7 : Don't care 
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HM514256 Series 


Page Mode Delayed Write Cycle 
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HM514258S Series — Under Development 


262144-word x 4-bit CMOS Dynamic Random Access Memory 


The Hitachi HM514258 Series is a CMOS dynamic RAM 
organized 262144-word x 4-bit. HM514258 has realized higher 
density, higher performance and various functions by employing 
1.3 zm CMOS process technology and some new CMOS circuit 
design technologies. The HM514258 offers Static Column Mode 
as a high speed access mode. 

Multiplexed address input permits the HM514258 to be 
packaged in standard 20-pin plastic DIP, 20-pin plastic SOJ and 
20-pin plastic ZIP. 


HMS 14258P Series 


Features (DP-20NA) 
@ High speed ......... Access Time 100/120/150 ns (max.) HM514258JP Series 

@ Low power .......... Active 302.5 mW, Standby 11 mW 

® Static Column mode capability 

® Single 5 V (£10%) 

@ 5i2refreshcycle .... cc tte te et ee ee ees 8 ms 

@ 2 variations of refresh ... 0... 0 ce eae RAS only refresh 


CS before RAS refresh 


Ordering Information 





Type No. Access Time Package (CP-20D) 
HMS514258P-8S 80ns 300 mil 
HMS514258P-10S 100ns 20 pin HM5142582ZP Series 
HM514258P-12S 120ns Plastic DIP 
HM514258ZP-8S 80ns 20 pin 
HM514258ZP-10S 100ns Plastic ZIP 
HM514258ZP-128 120ns 
HM514258JP-8S 80ns 20 pin 
HM514258JP-12S 120ns 





(ZP-20) 


Pin Arrangement 


© HM514258P Series  @HMS514258JP Series  ©HM514258ZP Series pin Deserinvon 
AO — A8 Address Inputs 
cs Chip Select 
‘O1—1/04  DataIn/DataOut 

OE Output Enable 

RAS Row Address Strobe 
WE Read/Write Input 

Vcc Power (+5V) 

Vss Ground 


AO — A8 Refresh Address Inputs 


(Top View) (Bottom View) 


(Top View) 
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HM514258S Series 


Functional Block Diagram 


RAS cS OE 


Control Control 
Circuit Circuit ircui Circuit 





1/01 1/02 1/03 1/04 















I/O Buffer 


1/O Buffer 









Sense Amp. & I/O Bus 





Column Decoder & Driver 




















Row Address Buffer 


Column Address Buffer 
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FIM511000 Series — 


1048576-word x 1-bit CMOS Dynamic Random Access Memory 


The Hitachi HM511000 Series is a CMOS dynamic RAM 
organized 1,048,576-word x 1-bit. HM511000 has realized higher 
density, higher performance and various functions by employing 
1.3um CMOS process technology and some new CMOS circuit 
design technologies. The HM511000, offers Page Mode as a high 
speed access mode. 

Multiplexed address input permits the HM511000 to be 
packaged in standard 18-pin plastic DIP, CERDIP, 20-pin plastic 
SOJ and 20-pin plastic ZIP. 


FEATURES 
High Speed: Access Time 100/120ns (max.) 
Low Power: 300mW (active), 1OmW (standby) 
High speed page mode capability 
512 refresh cycles .. . (8ms) 
3 variations of refresh: RAS only refresh 
CAS before RAS refresh 
Hidden refresh 


= ORDERING INFORMATION 


Part No. Package 
HMS511000-10 100ns 300 mil 18 pin 
HM511000-12 120ns CERDIP 
HM511000P-10 100ns 300 mil 18 pin Plastic 
HM511000P-12 120ns DIP 
HM511000ZP-10 100ns : ; 
he enti 20 pin Plastic SOJ 


HM511000JP-12 120ns 


® PIN ARRANGEMENT 
@ HM511000, HM511000P Series @ HM511000JP Series 





(Top View) 
(Top View) 
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HM511000 Series 


(DG-18A) 
HM511000P Series 


(DP-18C) 


HMS511000ZP Series 


(ZP-20) 
HMS5110003JP Series 





al 


(CP-20D) 
@® HM511000ZP Series 


ee: 1 AQ 
CAS 2 

3 Dout 
a 5 Din 
WE 6 

7 RAS 
NC 8 

9 NC 
NC 10 

11 AO 
Al 12 

13 A2 
A3 14 

15 V 
A4 16 we 

17 A5 
A6 18 

19 A7 
A8 20 

(Bottom View) 
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HM511000 Series 


= ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vsg .......... —1V to +7V 
Operating temperature, 7, (Ambient)......... 0 to +70°C 
Storage temperature (Plastic) ........... -55 to +125°C 
Storage temperature (Cerdip) ........... -65 to +150°C 
Power dissipation .... 0.0... 0.0. ce ee eee ee ees 1W 
Short circuit output current ............0-0000. 50mA 


= BLOCK DIAGRAM 


= 


RAS E 












RAS 
Control 
Circuit 





Sense Amp.& I 0 Bus 







Parameter 
Supply voltage 

Input High voltage 
Input Low voltage 


Note) 1. All voltages referenced to Vgg 
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Column Decoder & Driver 









Address Inputs 

Column Address Strobe 
Data In 

Data Out 

Row Address Strobe 
Read/Write Input 
Power (+5V) 

Ground 

Refresh Address Inputs 
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HM511000 Series 


™ DC ELECTRICAL CHARACTERISTICS (Vcc = 5V + 10%, Vgg = OV, Tz = 0 to +70°C) 


: fe cactes HM511000-10 | HM511000-12 ie he 
ie a eds emis min, | max, | min, | max. | "| 


omc | RO BOBO: 

RAS, CAS = Va 

Dout = High-Z ke 
Standby Current Icc2 

RAS, CAS 2 Voc-0.2V, | CMOS 

Dout = High-Z interface 
ee ote 
mean fee fier Eh 
ncn [SSeS | | fe 
Page Mode Supply RAS = V7,,, CAS 
Current Cycling, tpc = min. me 
ceria lio | Sisto fe fee [ow fo 
anata eS eee oS ee oo ae 

| You _| Jour= 4.2 mA | 0 fos | o | o# | Vv | 


Note) *1. I¢oc depends on output loading condition when the device is selected, Joc max. is specified at the output open 
condition. 





= CAPACITANCE (Vcc=5V +10%, Tz =25°C) 
«Parameter 
Address, Data-in 

Clocks 


Data-out 













<a 
an 


Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS=V72; to disable Dout. 






Input Capacitance 





Output Capacitance 


= ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vec=5V £10%, Vss=0V, Tg=0 to +70°C)? 


Output Buffer Turn-off Delay ee aoe 5 
Transition Time (Rise and Fall) ltr =| 3 | 0 | | SOs | 
Random Read or Write Cycle Time Lino | 190 | =f a0 | je 


(to be continued) 
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HM511000 Series 





Parameter Note 
Column Address Setup Time !tasc | 0 | - | 0 | - | ns | 
Column Address Hold Time | tcan | 20 | - | 20 | - | os | 
Write Command Setup Time (twos | 0 | - | 0 | - | os || 8 
Write Command Pulse Width twe | 15 | - | 20 | - | ms | 
Write Command to RAS Lead Time ltrwe | 35 | - | 40 | - | os | 
Write Command to CAS Lead Time !tewr | 35 | - | 40 | - | ns | 
Read Command Hold Time referenced to CAS. | tren | Oo | - [| 0 | - [| os | 
Read Command Hold Time referenced to RAS| trary | 10 | - | 10 | - | os 
Read-Write Cycle Time 2006 |, ee | 08 eee 
Read Modify Write Cycle Time 140 ee 165 i, ee ae 
CS Setup Tis ic a eC 
CAS Hold Time (CAS before RAS Refresh) | tour | 20 | - | 25 | - | as 
RAS Precharge to CAS Hold Time [tree | 10 | .= | 10 | = | ms | 
Page Mode Read or Write Cycle re SaaS Sa ee 
CAS Precharge Time, Page Cycle | tcp =| 10 | - | a5 | - | ms | 
Page Mode Read Modify Write Cycle | teem | 100 | - | 120 | - | ns | 
Page Mode CAS Pulse Width (Read Modify tcaw | 0 | - | 9s | - | om | 
Write Cycle) 
Notes) 


8. twos and tcowp are not restrictive operating par- 
ameters. They are included in the data sheet as elec- 
trical characteristics only: if twcos2twcg(min), the 


1. AC measurements assume ty = Sns. 
2. Assumes that tpcpS trop (max). If trcp is greater 
than the maximum recommended value shown in 





this table, tp 4¢ exceeds the value shown. 

Measured with a load circuit equivalent to 2TTL 
loads and 100pF. 

Assumes that trpcp2trcp(max). 


. torr(max) defines the time at which the output 


achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 


cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout 
the entire cycle; if toewp2tcwp/(min), the cycle is a 
read/write and the data output will contain data read 
from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out 
(at access time) is indeterminate. 


VyzAmin) and V z,;(max) are reference levels for 9. These parameters are referenced to CAS leading edge 
measuring timing of input signals. Also, transition in early write cycles and to WE leading edge in 
times are measured between V7;,; and V7 ;. delayed write or read-modify-write cycles. 
Operation with the fpcp(max) limit insures that 10. An initial pause of 100ys is required after power-up. 
trac(max) can be met, trcp(max) is specified as a Then execute at least 8 initialization cycles. 
reference point only, if trop is greater than the 
specified tpc¢p(max) limit, then access time is con- 
trolled exclusively by to,c. 
© HITACHI 
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nnn M5 11000 Series 
= TIMING WAVEFORMS 


- 

_ (E= ==! 
tian 

ae OK Sime LLL 
; ra Lol 


MLLLLLLLLL LY LMLLLLE 


tOFF 


<> 


Note) £ > Don’t care 


@ Early Write Cycle 


ns, aa 





oe) 
WN 


sss Dt WM com KT 


tWCH 


w TTT AY MMMM 


Open 
Dout 
Notes) 1. > Don’t care 
2: twes2 twcs(min ) 
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HM511000 Series —_—___—___>S$S 


@ Write Cycle (Delayed Write) 





a REN! ieee? 

rk KOR i cee: 
= ma — VIMMUUUA 
~ TIITTTITIA = MITTTTIITTTLI 


@ Read-Modify-Write Cycle Note) (274: Don’t care 


t 
iRws 


reg 


Fro OX es 


m ZZ | NZL 


om ALLL ORK LLL 
me 
7 [aime 


Notes) 1. {222 : Don’t care 
2. wo = trwp(min) 
wo 2 tcwp(min) 


nue 


RAS - 
CAS 
tASR 
yy, | 


Oaurace! 
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—_-————___-———————HM511000 Series 


@ RAS Only Refresh Cycle 


e Hidden Refresh Cycle tRc 


a 
CAS Vy j CLAM 
ss “7X Row*! CT I II III III 


High-Z 


Notes v1 Relresh=Address AAs (AKIRA AKD) 
2. WZZA: Don’t ca 
irc 


i 


> 
Qu. 
a. 
a 


AXs) 
RP 
icrP 


tT RAS 
Pee 


CAS i 
LASR 
| 












Pics 
ee 


L > 








ee 


Note) V7/77: Don’t care 
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HM511000 Series 


@ Page Mode Read Cycle 


Note ) : Don’t care 


@ Page Mode Write Cycle 


tRAS 
. a 
trp 
tcs 


H 


ox | sf ae Vane tcp {— 
Address oS Column MI I /, 


i 


mi 


“TTA mm | wom 


Dout High-Z 


Note ) : Don’t care 
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HM511000 Series 


@ Page Mode Read Modify Write Cycle 


tRAS ERP 


ee 
> 
YN 


O 
WN 


Address 


ely pe fe 


LMM ED hy © CUE 
a peal 





oY 
= 


tRAC 


Valid Valid Valid 
Dont {tat b-— bt et 


Note ) : Don’t care 
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HM511000S Series —_¥_—— Preliminary 


1048576-word x 1-bit CMOS Dynamic Random Access Memory 


The Hitachi HM511000S series is a CMOS dynamic RAM or- HM511000SP Series 
ganized 1048576-word x 1-bit. HM511000S has realized higher 
density, higher performance and various functions by employing 
1.3 um CMOS process technology and some new CMOS circuit 
. design technologies. 

The HM511000S offers Page Mode as a high speed access 
mode. 

Multiplexed address input permits the HM511000S to be 
packaged in standard 18-pin plastic DIP, 20-pin plastic ZIP 

and 20-pin plastic SOJ. 


Features 
High speed; Access time 80/100/120 ns (max) 
Low power; 11 mW standby, 385/330/275 mW active 
Single 5V supply (£10%) 
Fast page mode capability 
512 refresh cycle; (8 ms) 
3 variations of refresh; RAS only refresh 
CAS before RAS refresh 





(ZP-20) 


HM511000SJP Series 
Pin Arrangement 


© HM511000SP Series © HM511000SJP Series 





(CP-20D) 


Pin Description 





Symbol Function 
AO - A9 Address inputs 
CAS Column address strobe 
; Din Data input 
Top View) Top View 
(Top (Top ~ ) Dout Data output 
eM TTOVOSZE sete RAS" Row address strobe 
WE Read/Write input 
1 AQ sO 
Vcc Power (+5V) 
ect Vss Ground 
ue AO - A8 Refresh address input 
7 RAS 
NG ae Note) The specifications of this device 
11 AO are subject to change without 
Al notice. Please contact your nearest 
13 A2 Hitachi’s Sales Dept. regarding 
es specifications. 
15 Vec 
A4 
17 A5 
A6 
19 A7 
A8 





(Bottom View) 
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HM511000S Series 


Ordering Information 


Type No. Access Time Package 

HM511000P-8S 80ns 

HMS511000P-10S 100ns 300 mil 18 pin Plastic DIP 
HMS511000P-1 28S 120ns 

HMS511000ZP-8S 80ns 

HM511000ZP-10S 100ns 20 pin Plastic ZIP 
HMS511000ZP-12S 120ns 

HM511000JP-8S 80ns 

HMS511000JP-10S 100ns 20 pin Plastic SOJ 


HMS511000JP-12S 120ns 





Block Diagram 










Column Decoder & Driver 




















Word Driver 
Row Decoder 


Row Address Buffer 


Column Address Buffer 





Ao~ Ay 


Absolute Maximum Ratings 





Parameter Symbol Rating Unit 
Voltage on any pin relative to Vss VT -1 to +7 Vv ; 
Short circuit output current IouT 50 mA 
Power dissipation Pr 1.0 WwW 
Operating temperature Topr 0 to +70 =C 
Storage temperature Tstg -55to+125 °C 
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HM511000S Series 





Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Parameter Symbol Min Typ Max Unit 
“Input highvoltage Vy, 24 #2—- 465 #V 
“Inputlowvoltage Vy -20 -—-  O8  V- 


Note) All voltages referenced to Vgg. 


DC Electrical Characteristics (Vcc = 5V +10%, Vsg = OV, Ta = 0 to +70°C) 
HM511000-8S HM511000-10S HMS11000-12S 























Parameter Symbol = eee ees ee Unit Test condition Note 
Operating _ _ a RAS, CAS cycling, 
ie lay ined 70 60 50 mA in *1,*2 

- = _ RAS, CAS = V TTL 
Standby I 2 2 2 ~ Dout = High-Z u interface 
current CC2 _ 1 = 1 _ , MA RAS, CAS= Vcc -0.2V CMOS 
Dout = High-Z interface 
Refresh . RAS only refresh, 
current lec3 60 i 50 = 45 mA trc = Min *2 
Standby _ RAS = Vy, CAS = VIL> 
current lccs 5 - 5 = 5 mA  Dout enable “I 
Refresh CAS before RAS refresh, 
current Icc6 ~ 10 * 60 7 a oe tRC = Min. 
Fast page _ = RAS = VIL, CAS cycling, 
mode current !CC7 30 50 ~ 40 mA tpc = Min *15*3 
Input leakage I] -10 10 -10 10 4-10 10 £4wA Vyy=O0to+7V 
Output = 7 - VouT = 0 to +7V, 
leakage ILo 10 10 10 10 10 10 HA Dout is disabled 
Vv 2.4 Vi 2.4 V 2.4 V, Vidi = 

Output levels OF CC cc CC out = —SmA 


VOL 0 0.4 0 0.4 0 0.4 Vslout = 4.2mA 


Notes) *1. I@cdepends on output loading condition when the device is selected, Ic¢ max is specified at the output open 
condition. 
*2. Address can be changed less than three times while RAS= Vy. 
*3. Address can be changed once or less while CAS = Vyyy. 





Capacitance (Voc = 5V + 10%, Ta= 25°C) 


Parameter Symbol Typ Max Unit Note 
frpueapetance Address, Data-in Cy, _ 5 pF *41 
Clocks Cr - 7 pF *1 

Output capacitance Data-out Co = 7 pF #1 *2 


Notes) *1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
*2. CAS = Vin to disable Dout. 
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HM511000S Series 


Electrical Characteristics and Recommended AC Operating Conditions (Ta = 0 to +70°C, Vec = 5V + 10%) 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 


HM511000-8S HMS11000-10S HM511000-12S 























Parameter Symbol ; Unit Note 
min max min max min max 
Random Read or Write Cycle Time tre 160 — 190 _ 220 — ns 
RAS Precharge Time | trp 70 — 80 — 90 _ ns 
RAS Pulse Width tRAS 80 10000 100 10000 120 10000 =~ ns 
CAS Pulse Width tcas 25 10000 25 10000 30 10000 ns 
Row Address Set-up Time taSR 0 — 0 -- 0 - ns 
Row Address Hold Time tRAH 12 — 15 ~ 15 _ ns 
Column Address Set-up Time tage 0 — 0 — 0 — ns 
Column Address Hold Time tcAH 20 — 20 _ 25 — ns 
RAS to CAS Delay Time trcp 22 55 25 75 25 90 ns *8 
RAS to Column Address Delay Time tRaD | 17 40 20 55 20 65 ns #9 
RAS Hold Time trsH 235 - 25 _ 30 - ns 
_ CAS Hold Time tcsH 80 = 100 = 120 = ns 
CAS to RAS Precharge Time tcrP 10 be 10 iss 10 ~ ns 
Transition Time (Rise and Fall) ty 3 50 3 50 3 50 —s ns saat 
Refresh Period {REF — 8 — 8 — 8 ms 
Read Cycle 
pees symbol HM! 1000-8S see 1000-10S uM! 1000-12S ae 
min max min max min max 
Access Time from RAS tRAC ES 80 — 100 - 120 ns *2,*3 
Access Time from CAS tcac = ye 25. = 30s ns *3 #4 
Access Time from Address tAA _ 40 _ 45 — 55 ns *3,*5 
Read Command Set-up Time trcs 0 _ 0 _ 0 _ ns 
Read Command Hold Time to CAS tRCH 0 -— 0 - 0 _ ns 
Read Command Hold Time to RAS tRRH 10 ~ 10 — 10 — ns 
Column Address to RAS Lead Time tRAL 40 — 45 — 55 = ns 
Output Buffer Turn-off Time toFF _ 20 — 25 = 30 = ns *6 
Write Cycle 
HM511000-8S HM511000-10S HM511000-12S ; 
Parameter S00 Se nit ~~ (Note 
min max min max min max 
Write Command Set-up Time twcs 0 ~ 0 ~ 0 = ns *10 
Write Command Hold Time twcH 20 ~ 20 25 — ns 
Write Command Pulse Width twp 15 — 15 — 20 _ ns 
Write Command to RAS Lead Time tRWL 25 = 25 es 30 te ns 
Write Command to CAS Lead Time tcwL 25 = 25 os 30 a ns 
Data-in Set-up Time tps 0 — 0 _ 0 — ns *14 
Data-in Hold Time tpH 20 ~ 20 — 25 — ns *11 
Read-Modify-Write Cycle 
HM511000-8S HM511000-10S HM511000-12S . 
Parameter Svinbo Se ee Ut Note 
min max min max min max 
Read-Write Cycle Time trwc 190 = 220 = 255 = ns 


RAS to WE Delay Time tRWD 80 _ 100 a 120 = ns *10 
CAS to WE Delay Time tcwD 25 = 25 = 30 = ns *10 
Column Address to WE Delay Time tawp 40 mn 45 = 55 = ns *10 
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HM511000S Series 





Refresh Cycle 





HM511000-8S HM511000-10S HM511000-12S 


Parameter Symbol Unit Note 
min max min max min max 
CAS Set-up Time (CAS before RAS Refresh) tcsr 10 — 10 — 10 — ns 
CAS Hold Time (CAS before RAS Refresh) tcHrR 20 a 20 = 25 = ns 
RAS precharge to CAS Hold Time tRPC 10 — 10 = 10 as ns 
High Speed Page Mode Cycle 
HMS511000-8S HMS11000-10S HM511000-12S : 
Parameter Symbol —-—_______YY———- Unit Note 
min max min max min max 
High Speed Page Mode Cycle Time tpc BY) —~ RS) — 65 ~ ns *14 
CAS Precharge Time tcp 10 — 10 = 15 — ns 
High Speed Page Mode RAS Pulse Width trasc — 100000 — 100000 — 100000 ns *13 
Access Time from CAS precharge tacp ~ 50 - 50. 60 ns #14 
RAS Hold Time from CAS Precharge truce 50 = 50 s 60 = ns 


High Speed Page Mode Read-Modify-Write Cycle 


HM511000-8S HM511000-10S HM511000-12S Unit 


Parameter Symbol - : Note 
min max min max min max 
High Speed Page Mode Read-Write Cycle Time tpcy 85 — 85 — 100 o ns 
Notes)*1. AC measurements assume tT = 5ns. 

*2. Assumes that tRCD S tRCD (max) and tRAD StRAD (max). If tRCD or tRAD is greater than the maximum 
recommended value shown in this table, tRAC exceeds the value shown. 

*3. Measured with a load circuit equivalent to 2TTL loads and 100pF. 

*4. Assumes that tRCD 2 tRCD (max), tRAD StRAD (max). 

*5. Assumes that tRCD StRCD (max) and tRAD 2 tRAD (max). 

*6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to 
output voltage levels. 

*7, VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between VIH and VIL. 

*8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a refer- 
ence point only, if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclu- 
sively by tc AC. 

*9, Operation with the tRAC (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a refer- 
ence point only, if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclu- 
sively by tAA. 

*10. twcCS, tRWD, tCWD and tAWD are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only: if twCS 2 twCS (min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle; if tRWD 2 tRWD (min), tcwD 2 tCWD (min) 
and taWD 2 tAWD (min), the cycle is a read {write and the data output will contain data read from the selected 
cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeter- 
minate. 

*11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

*12. An initial pause of 100us is required after power-up then execute at least 8 initialization cycles. 

*13. tRASC defines RAS pulse width in High Speed Page mode cycle. 

*14,. Access time is determined by the longer of tAA or tCAC or tACP. 
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Timing Waveforms 
Read Cycle 







' an ina 


"= TT) seu CLL/LLL 


Note) 2]: Don’t care 


Early Write Cycle 





nave 7 Bee 8 KILL LLL 


TTTITIM MTT. 


Open * 2 


eT UnIEIIE mE SE EEEennnenmemmeneenmnensenenemn eae 
Note) *1.//: Don’t care 


* 2. Ewes twes(min ) 


Din 
Dout 
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HM511000S Series 


409 





HM511000S Series 


Delayed Write Cycle 


a om KOT 
ve i SO UUMIMUUMA 
om TTT met UMMA 


Read-Modify-Write Cycle 





7 TEE TDAH TTT 


~ TTT | mm 


| |} a 
: TL TEA = CTT. 
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HM511000S Series 


RAS Only Refresh Cycle 


RAS 





tras 


s ‘a trec 
8 LLLLLLLL/ MILLET TT LL 


sae LTT nO IIIT IIIT TILT LLY, 


Dout Open 
Note) * 1.£224: Don’t care 


CAS Before RAS Refresh Cycle 





oe tre 
= 
ice a sc 
ERPc 
csr t cHR 
CAS W/ | 





Open 
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HM511000S Series 


High Speed Page Mode Read Cycle 







pectic t rasc 
tose So tRHCP 
Ersu 


anes 
CAS —— ter fal Sp 
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High Speed Page Mode Write Cycle 


Open * 2 
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HM511000S Series 


High Speed Page Mode Read Modify Write Cycle 


~ 
2 
2 





RAS 

‘ trcp 

ae . 

“J 
CAS 

I) Ce 


al 
ica] 


= EEE ER 


trac 


~ 
> 
> 





Note) * 1.777): Don’t care 
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HM511001 Series 


1048576-word x 1-bit CMOS Dynamic Random Access Memory 


The Hitachi HM511001 Series is a CMOS dynamic RAM 
organized 1,048,576-word x 1-bit. HM511001 has realized higher 
density, higher performance and various functions by employing 
1.3um CMOS process technology and some new CMOS circuit 
design technologies. The HM511001, offers Nibble Mode as a 
high speed access mode. 

Multiplexed address input permits the HM511001 to be 
packaged in standard 18-pin plastic DIP, CERDIP, 20-pin plastic 
SOJ and 20-pin plastic ZIP. 





= FEATURES 
@ High Speed: Access Time 100/120ns (max.) 
@ Low Power: 300mW (active), 10mW (standby) 
@ Nibble mode capability 
@ 512 refresh cycles ...(8ms) 
@ 3 variations of refresh: RAS only refresh 
CAS before RAS refresh 
Hidden refresh 
=» ORDERING INFORMATION 
HM511001-10 100ns 300 mil 18 pin 
HMS11001-12 120ns CERDIP 
HM511001P-10 100ns 300 mil 18 pin 
HM511001P-12 120ns Plastic DIP 
HM511001ZP-10 100ns , 
HM511001ZP-12 20 pin plastic ZIP 
HM511001JP-10 100ns , 
HMS511001JP-12 20 pin Plastic SOJ 
# PINARRANGEMENT 
@ HM511001 Series, 
HM511001P Series @ HM511001JP Series 
Vss Din 
Dout ee 
RAS 
CAS NC 
As NC 
As 
Ai hy 
Al 
As re 
| As A3 
Ai mes 
(Top View) (Top View) 
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HMS511001 Series 


(DG-18A) 
HM511001P Series 


(DP-18C) 
HMS 11001 ZP Series 


HM511001JP Series 


(CP-20D) 
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ae 1 AQ 
CAS 2 

3 Dout 
aa 5 Din 
WE 6 

7 RAS 
NC 8 

9 NC 
NC 10 

11 AO 
Al 12 

13 A2 
A3 14 

15 Vec 
A4 16 

17 ADS 
A6 18 

19 A7 
A8& 20 


(Bottom View) 


414 Hitachi America Ltd. © 2210 O’Toole Ave. ¢ San Jose, CA 95131 © (408) 435-8300 


SSS SS SS SSS SS SS M5 11001 ‘Series 


# ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vsg .......... —1V to +7V 
Operating temperature, 7, (Ambient)......... 0 to +70°C 
Storage Temperature (Plastic) ........... -55 to +125°C 
Storage Temperature (Cerdip) ......... —65 to +150°C 
Power dissipation .......... 000. eee eee ee eee 1W 
Short circuit output Current ..........-..-2.02. 50mA 


= BLOCK DIAGRAM 


WE 
Control 
Circuit 


Sense Amp.& I O Bus 


Aou~ Ag 


fen 
@ 
> 
c 
a 
Ra) 
Sa 
o 
a] 
S 
v 
© 
A 
| 
£ 
= 
O 





= RECOMMENDED DC OPERATING CONDITIONS (7, = 0 to +70°C) 










Parameter 


Supply voltage 








“Input High voltage 








Input Low voltage 





Note) 1. All voltages referenced to Vgg 
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Address Inputs 

Column Address Strobe 
Data In 

Dout DataOut > 
Row Address Strobe 
Read/Write Input _ 


Power (+5V) 













Refresh Address Inputs 





HM511001 Series 





m DC ELECTRICAL CHARACTERISTICS (Voc = 5V +10%, Vss = OV, Ta = 0 to +70°C) 


p P eunibo Test Condit HM511001-10 | HM511001-12 ae Ne 
arameter ymodo es ondition ni ote 
min. [mak 


RAS, CAS Cycling: 


RAS, CAS = Viz TTL 
Dout = High-Z interface 
Standby Current Icc2 oe mA 
RAS, CAS 2 Voc-0.2V, | CMOS 
Dout = High-Z interface 


Refresh Current mA 


RAS only Refresh, 
trc = min. 
RAS = Vyzz, CAS = V 
Standby Current Iecs Ses ac IL 
CAS before RAS 
Refresh, tac = min. 


Nibble Mode Supply I RAS = V7, CAS Cycling, 
Current ccs tnc = min. 


Input Leakage Iny Vin = 90 to +7V - 


Vout a 0 to +7V, 
Dout is disabled 


— 


Refresh Current 


~ ~ 
8 a 
n ST) 
— 
jan) 
CQ —_ — Ca a Wa 
So om) Com) com) 7) on) _ nN 


ol Ae 
N 
QQ 
ed 
‘p 


un 
o 


> 


om) 


Output Leakage Ino -10 


lout a -5 mA 


VOH 


Output Levels 
VOL 


Q oO lol a in Oo rn S) 
EF |E] 8 3 3 





Note) *1. Icc depends on output loading condition when the device is selected, Joc max. is specified at the output open 
condition, 


® CAPACITANCE (Voc=5V 410%, Tz =25°C) 


Parumeter 











Address, Data-in 
Input Capacitance 






Output Capacitance 


Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS=V 74; to disable Dout. 





@ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vec=5V +10%, Vss = OV, Tz = 0 to +70°C))?*1) 


ee HM511001-10 | HMS511001-12 set 
|_min, | max, | min, | max. | 

Access Time from RAS ee 120 | ons | 2,3 
Access Time from CAS tcAc PF = | sof - | 6] ns | 2,3 
Output Buffer Turn-off Delay | torr | - | 2 | - | 30] ns | 5 
Transition Time (Rise and Fall) ete fe BO a SO. ae lt 
Random Read or Write Cycle Time tRC 190 =a 220 | - | ons | 
CAS Pulse Width 50 | 10000 | 60 | 10000 | ns_ | 


(to be continued) 
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HM511001 Series 


HM511001-10 HM511001-12 Gai . 

arameter ni ote 

min max. min. 

CAS to RAS Precharge Time 10 Si. 1) = ne | 

Column Address Hold Time 20 20 a ie ae 

Write Command Setup Time 0 0 ane | 8 

Read Command Hold Time referenced to RAS terry | 10 | — | 10 | | ons | 

CAS to WE Delay | tcwo | 40 | - | so | - | ms | 8 

Notes) 

1. AC measurements assume tr = Sns. 8. twos and tcwp are not restrictive operating par- 

2. Assumes that trcpS trcp(max). If trcp is greater ameters. They are included in the data sheet as elec- 
than the maximum recommended value shown in trical characteristics only: if twcos2twcg(min), the 
this table, fp 4c exceeds the value shown. cycle is an early write cycle and the data out pin will 

3. Measured with a load circuit equivalent to 2TTL remain open circuit (high impedance) throughout 
loads and 100pF. the entire cycle; if towp2tcwp(min), the cycle is a 

4. Assumes that tpcp2trcp(max). read/write and the data output will contain data read 

5. toger(max) defines the time at which the output from the selected ¢ell; if neither of the above sets of 
achieves the open circuit condition and is not re- conditions is satisfied, the condition of the data out 
ferenced to output voltage levels. . (at access time) is indeterminate. 

6. Vyp(min) and V ,,(max) are reference levels for 9. These parameters are referenced to CAS leading edge 
measuring timing of input signals. Also, transition in early write cycles and to WE leading edge in 
times are measured between Viz and VIL: delayed write or read-modify-write cycles. 

7. Operation with the fRcp(max) limit insures that 10. An initial pause of 100us is required after power-up. 
tRac(max) can be met, frcop(max) is specified as a Then execute at least 8 initialization cycles. 
reference point only, if tpcp is greater than the 
specified trop (max) limit, then access time is con- 
trolled exclusively by tc,c. 
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HM511001 Series 


= TIMING WAVEFORMS 
@ Read Cycle 


MULL 
———<[me > 


Note) (7/77: Don't care 


@ Early Write Cycle 
[RC 


R ; ERAS 
a 
CAS aa 


iden sat Samm / 


Dout 


WN 


Notes) 1. (7/77): Don’t care 
2. twcs 2twes(min. ) 
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HM511001 Series 
@ Delayed Write Cycle 


irc 
tosn , 
atte. tras 
RAS 


Addre 


Din 


S 


ee) 


> 
a 


aqress 


Din 


Dout 


trsn | ; 
ae, ae 
trwi | 
tcrp 
tow. 


" Oho! Seman 


WE 


TTT ON TTT. 


tos 


ton 


LLLLLLL LL RLLLLLLLLLLLL, 


@ Read-Modify-Write Cycle 


LL als OL | 
ame 


Notes) 1. (7/77: Don’t care 2. trwo=trwo(min. ) 
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HM511001 Series 


@ RAS Only Refresh Cycle 


™ 
meer MLL, 


Dout High-Z 


Notes) 1. (777Z,: Don’t care 2. Refresh Address A0-- A8(AX0-- AX8) 


a i nar: (REFRESH ee LE 
ee toot 


UMMMILIML ED 
ee hg 
KLLLILILLLLILILLNLLL 


@® Hidden Refresh Cycle 


RA 


a 





Note) : Don’t care 





LLLILLLLLL LOB AL LIL LLLLLLLLL 


Dout eee 


Note) V7: Don’t care 
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HM511001 Series 


@ Nibble Mode Read Cycle 
tras 


EE = oe ae 


ee x 
Dox eee 


Note) /7////: Don't care 


e@ Nibble Mode Write Cycle 








hn hs = col bem 


= ‘as: ang AWA y72 
” [LLLP = CLP SCTDt = KD ce Cag 


Dout Vie 
Note) ///// : Don 
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HM511001 Series 


® Nibble Mode Read Modify Write Cycle 


tKAS 


Address) 7X lade aes VLLLLLLLLLL ML he 


tNRWL 
Vin 
. R 
Vi ole 
tps 
Vin 


oe TTT MNO EMO EOE 


iL 
tCAC 


ql 
7) 
SS AS 


tASR 
Vin 





4 
n 
= 
>) 
Se a 
a 
ae 


4 


baict 
au 
Qn 


= 


— 


LINAC 
Dout Vou / Valid / Valid Valid 
- Vor Data Data Data Data 


Note) V/////| : Don’t care 
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FM511001S Series 


Preliminary 


1048576-word x 1-bit CMOS Dynamic Random Access Memory 


The Hitachi HM511001S series is a CMOS dynamic RAM 
organized 1048576-word x 1-bit. HM511001S has realized higher 
density, higher performance and various functions by employing 
1.3 um CMOS process technology and some new CMOS circuit 
design technologies. 

The HM511001S offers Nibble Mode as a high speed access 
mode. 

Multiplexed address input permits the HM511001S to be 
packaged in standard, 18-pin plastic DIP, 20-pin plastic ZIP and 
20-pin plastic SOJ. 


Features 
High speed; Access time 80/100/120 ns (max) 
Low power; 11 mW standby, 385/330/275 mW active 
Single 5V supply (£10%) 
Fast nibble mode capability 
512 refresh cycle; (8 ms) 
2 variations of refresh; RAS only refresh 
CAS before RAS refresh 


Pin Arrangement 


© HM511001SP Series @ HM511001SJP Series 


(Top View) 


(Top View) 
e HM511001SZP Series 


1 AY 

3 Dout 

5 Din 

7 RAS 

9 NC 
NC 10 

11 AO 
Al 12 

13 A2 
A3 14 

15 Vee 
A4 16 

17 AS 
A6 18 

19 A7 
A8& 20 


(Bottom View) 
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HM511001SP Series 






(DP-18C) 


HMS5S11001SJP Series 





(CP-20D) 





HM511001SZP Series 





(ZP-20) 





Pin Description 


Symbol Function 
AO - A9 Address inputs 
CAS Column address strobe 
Din ~—-‘Datainput —t—twt 
Dout Data output 
~ RAS” Row address strobe 
WE Read/Write input 
Vcc Power (+5V) 
Vss Ground 


AO - A8 Refresh address input 


Note) The specifications of this device 
are subject to change without 
notice. Please contact your nearest 
Hitachi’s Sale Dept. regarding 
specifications. 
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HM511001S Series 


Ordering Information 


Type No. Access Time 
HM511001P-8S 80ns 
HM511001P-10S 100ns 
HMS511001P-12S 120ns 
HM511001ZP-8S 80ns 
HM511001ZP-10S 100ns 
HM511001ZP-12S 120ns 
HM511001JP-8S 80ns 
HM511001JP-10S 100ns 
HM511001JP-12S 120ns 


Block Diagram 


Absolute Maximum Ratings 


Parameter 


Voltage on any pin relative to Vss 


Short circuit output current 


Power dissipation 
Operating temperature 


Storage temperature 


424 Hitachi America Ltd. 


Package 


300 mil 18 pin Plastic DIP 


20 pin Plastic ZIP 


20 pin Plastic SOJ 





Control 
Circuit 


Ao~ Ag 
Symbol Rating Unit 
VT —1 to +7 Vv 
lout 50 mA 
Pr 1.0 W 
Topr 0 to +70 a ©: 
Tstg -—55 to +125 °C 
© HITACHI 
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HM511001S Series 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Parameter Symbol Min Typ Max Unit 
Supply voltage Vcc 4.5 5.0 5.0 Vv 
“Input highvoltage Vin 24 #— 65 #V 
“Inputlowvoltage $$ Vy,  -20 -—  O8 V 


Note) All voltages referenced to Vgs. 


DC Electrical Characteristics (Vcc = 5V +10%, Vsg = OV, Ta = 0 to +70°C) 





HM511001-8S HM511001-10S HM511001-12S bee 
Parameter Symbol. ——____—_—_—_ Unit Test condition Note 
min max min max min max 
Operating RAS, CAS cycling, 
eaiccat Iccy —_ 70 — 60 — 50 mA tre = Min all rags 
= as a RAS, CAS=V yy TTL 
Standby I Oe ee mA Dout=High-Z interface 
current cc2 y 1 2 1 _ 1 RAS,CAS2 Vcc-0.2V CMOS 
Dout=High-Z interface 
Refresh RAS only refresh, 
cameut Icc3 _ 60 _ 50 ~ 45 mA trc= Min *2 
Standby RAS = Vyy, CAS = Vyr, 
current lccs _ 5 ~ 5 7 5 mA pout enable *1 
Refresh CAS before RAS refresh, 
current Icce - 70 ~ 60 ~ 50 mA trc = Min. 
Nibble RAS = Vy, CAS cycling, 
mode cutent CC® = 60 ~ 50 is 40 mA tnc= Min *1,*3 
Input leakage Ip] —10 10 —10 10 —10 10 vA Vin=0to+7V 
Output VouT = 0 to +7V, 
leakage ILo 10 10 —10 10 ~10 10 HA Dout is disabled 
Vv 2. Vv . Vv : Vv = 
Output levels _YOH _ 4 cc 2.4 cc 2.4 cc VV silout = -5mA 
VOL 0 0.4 0 0.4 0 0.4 VV ilout = 4.2mA 
Notes)*1. Icc depends on output loading condition when the device is selected, Icc max. is specified at the output open 
condition. 
*2. Address can be changed less than three times while RAS = Vy ,. 
*3. Address can be changed once or less while CAS= Vyyy. 
Capacitance (Vcc = 5V + 10%, Ta = 25°C) 
Parameter Symbol Typ Max Unit Note 
eke " Address, Data-in Cy — 5 pF *1 
nput capacitance Clocks om _ 7 pF ¥] 
Output capacitance Data-out Co — 7 pF ie a 


Notes) *1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
*2. CAS = Vy to disable Dout. 
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HM511001S Series 


Electrical Characteristics and Recommended AC Operating Conditions 
(Ta = 0 to +70°C, Voc = 5V + 10%, Vgg = OV) 1"! 


HM511001-8S HMS511001-10S HMS11001-12S 








Parameter Snel ee Ut Notes 
min max min max min max 
Access Time from RAS tRAC _ 80 100 - —- 120 ns *2,*3 
Access Time from CAS tcac —- 40 - 50 60 ns *3,*4 
Output Buffer Turn-off Delay toFF _ 20 _ 25 = 30. —s ns *5 
Transition Time (Rise and Fall) ty 3 50 3 50 3 50 ns *6 
Random Read or Write Cycle Time trc 160 — 190 ~ 220 — ns 
RAS Precharge Time trp 70 os 80 == 90 ies ns 
RAS Pulse Width tRAS 80 10000 100 10000 120 # 10000 _~ ns 
CAS Pulse Width tcas 40 10000 50 10000 60 10000 ns 
RAS to CAS Delay Time tRcD 22 40 «25 50-25 60 ns *7 
RAS Hold Time trsH =—s_- 40 - 50 ~ 60 - ns 
CAS Hold Time tcsH 80 - 100 - 120 ~ ns 
CAS to RAS Precharge Time tcrP 10 - 10 Be 10 = ns 
Row Address Setup Time tASR 0 - 0 — 0 - ns 
Row Address Hold Time tRAH 12 ~ 15 ~ 15 - ns 
Column Address Setup Time tasc 0 _ 0 ~ 0 — ns 
Column Address Hold Time tcAH 20 = 20 = 25 = ns 
Write Command Setup Time twcs 0 — 0 _ 0 — ns *8 
“WriteCommand Hold Time twcH 20. — 20 —-— 25 — nm 
Write Command Pulse Width twp 15 _ 15 _ 20 _ ns 
Write Command to RAS Lead Time tRWL 25 ~ 25 = 30 = ns 
Write Command to CAS Lead Time tcwL 25 ~ 25 _ 30 ~ ns 
Data-in Setup Time tps 0 — 0 - 0 — ns *9 
Data-in Hold Time tpH 20 — 20 - 25 _ ns *8,*9 
Read Command Setup Time tres 0 - 0 _ 0 - ns 
Read Command Hold Time referenced to CAS trcy 0 = 0 _ 0 _ ns 
Read Command Hold Time referenced to RAS’ trRH 10 = 10 = 10 = ns 
Refresh Period tREF ~ 8 — 8 - 8 ms 
Read-Write Cycle Time tRwc 190 — 220 — 255 ~ ns 
RAS to WE Delay tRwD 80 = 100 _ 120 _ ns *8 
CAS to WE Delay tcwD 40 = 50 = 60 — ns  *8 
CAS Setup Time (CAS before RAS Refresh) tcsR 10 — 10 _ 10 _ ns 
CAS Hold Time (CAS before RAS Refresh) tCHR 20 = 20 _ 25 _ ns 
RAS Precharge to CAS Hold Time trPC 10 _ 10 _ 10 _ ns 
Nibble Mode Access Time tNAC _ 25 — 25 _ 30. ~—s ns 
Nibble Mode Cycle Time tnc 45 — 45 _ 55 — ns 
Nibble Mode CAS Precharge Time tncP 10 ~ 10 _ 15 - ns 
Nibble Mode CAS Pulse Width tNCA 25 = 25 = 30 ~ ns 
Nibble Mode RAS Hold Time tNRSH 25 _ 25 ~ 30 — ns 
Nibble Mode Read Modify Write Cycle Time tNnRwC 70 — 75 — 85 — ns 
Nibble Mode Write Command CAS Lead Time tncwr 20 = 25 _ 25 _ ns 
Nibble Mode CAS to WE Delay tncwp 30 = 30 _ 30 = ns 
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Notes) 


els 
w2: 


*3. 
*4, 
use 


*6. 


aid 


Timing Waveforms 
Read Cycle 


Early Write Cycle 


AC measurements assume ty = Sns. 

Assumes thattrcp S$ trcp(max). If trep is greater 
than the maximum recommended value shown in 
this table, trac exceeds the value shown. 

Measured with a load circuit equivalent to 2TTL 
loads and 1O00pF. 

Assumes that tpcp 2trcp(max). 

torF(max) defines the time at which the output 
achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 

VyH (min) and Vy,(max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between Vy and Vy,. 
Operation with the tpcp(max) limit insures that 
trac(max) can be met, trcp(max) is specified as a 
reference point only, if trcp is greater than the 
specified trcp (max) limit, then access time is con- 
trolled exclusively by tcac. 


Address 


Address 


IX 


*8. 


*9.. 


*10. 


2 wes 


HM511001S Series 


twcs and tcwp are not restrictive operating par- 
ameters. They are included in the data sheet as elec- 
trical characteristics only: if twcs 2 twcs(min), the 
cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout 
the entire cycle; if tcewpZtcwp (min), the cycle is a 
read/write and the data output will contain data read 
from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out 
(at access time) isindeterminate. —_ 

These parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge in 
delayed write or read-modify-write cycles. 

An initial pause of 100us is required after power-up. 
Then execute at least 8 initialization cycles. 


Ch ne 


ROT 


torr 


ee 


taser i 


" TTT TILA 


tps 


tcan 


WON com OTT. 


twen 


| WTI 


LLLLLLLI "KLE 2 


Open * 2 


Notes) *1.%7: Don’t care 


%* 2. twos2twes(min) 
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HM511001S Series 


Delayed Write Cycle 


mle = CI TTT 


" TLL a TILIILILLLLLLL. 
MM ae CM 





Read-Modify-Write Cycle 


trcp 
= 
(Column 


DX eo RY etiam LMLLLLLLLL LL, 


TTL sna fe RQLLLLLLILL. 


— “ee = LATTTTLTL, 
oe 
= 


Notes) * : Don’t care 
*2 


wo(min ) 
wo (min ) 





© HITACHI 


428 Hitachi America Ltd. * 2210 O’Toole Ave. * San Jose, CA 95131 © (408) 435-8300 


HM511001S Series 


RAS Only Refresh Cycle 


Erc 
tr 
tcrp 


a 77h RUZ 


Open 
Dout 


Notes) *1./7/7}: Don’t care 
%* 2. Refresh Address 
A0-A8(AX0-AX8) 


CAS Before RAS Refresh Cycle 





Open 
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HM511001S Series 


Nibble Mode Read Cycle 


“he iSace 


FE 


CALLIN 
RL eh ee = 


* 





Nibble Mode Write Cycle 


tcrp 
> 
CAS 


I 
ibe 
~ DXi PX com D CLL pelts ited is ti stl 


" - mat Wt vast [rE V/// 
imenad t= 7D = kot = CITT 


ote) £27]: Don’t care 
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HM511001S Series 


Nibble Mode Read Modify Write Cycle 


| 
tasr teas 
<9-————to- 


sane TX NY MIT MA, 


A ; 
t = 


LIL LR KK OK REX, 


fcac 


tyac 


Valid ( Valid Valid 
Data Data Data 
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HM511002S Series 


1048576-word x 1-bit CMOS Dynamic Random Access Memory 


The Hitachi HM511002S Series is a CMOS dynamic RAM 
organized 1048576-word x 1-bit. HM511002S has realized higher 
density, higher performance and various functions by employing 
1.3 um CMOS process technology and some new CMOS circuit 
design technologies. The HM511002S offers Static Column Mode 
as a high speed access mode. 

Multiplexed address input permits the HM511002S to be 
packaged in standard 18-pin plastic DIP, 20-pin plastic SOJ and 
20-pin plastic ZIP. 


Features 
High speed; Access time 80/100/120 ns (max) 
Low power; 11mW Standby, 385/330/275mW Active 
Single 5V supply (10%) 
Static column mode capability 
512 refresh cycles; (8 ms) 
2 variations of refresh; RAS only refresh 
CS before RAS refresh 


Pin Arrangement 
© HM511002SP Series © HM511002SUP Series 


(Top View) (Top View) 





e HM511002SZP Series 


aan 1 AQ 
cS 

3 Dout 
Vss 
ares 5 Din 
WE 

7 RAS 
NC 

9 NC 

NC 

11 AO 
Al 12 

13 A2 
A3 14 

15 Vee 
A4 16 

17 A5 
A6 18 

19 A7 
A8& 20 


(Bottom View) 
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Preliminary 


HMS511002SP Series 


(DP-18C) 


HM511002SJP Series 


(CP-20D) 


HM511002SZP Series 





(ZP-20) 


Pin Description 


Pin Name 

AO - A9 
CS 
Din 
Dout 
RAS 


WE 
Vcc 


Vss 
AO - A8 


Function 
Address inputs 
Chip select 
Data-in 
Data-out 
Row address strobe 
Write enable 
Power (+5V) 
Ground 
Refresh address inputs 


Note) The specifications of this device 
are subject to change without 
notice. Please contact your nearest 
Higachi’s Sales Dept. regarding 
specifications. 
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HM511002S Series 


Ordering Information 





Type No. Access Time Package 

HMS511002P-8S 80 ns 

HMS511002P-10S 100ns 300 mil 18 pin Plastic DIP 
HM511002P-12S 120ns 

HM511002ZP-8S 80ns 

HM511002ZP-10S 100ns 20 pin Plastic ZIP 
HM511002ZP-12S 120ns 

HMS511002JP-8S 80ns 

HMS511002JP-10S 100ns 20 pin Plastic SOJ 


HM511002JP-12S 120ns 





Block Diagram 


CS E 
RAS CS WE 0 
Control Control Control Ruther 
Circuit Circuit Circuit 





be 
® 
Ke 
be 
Q 
B 
Led 
@ 
3 
} 
Vv 
@ 
i= 
r= 
E 
= 
ra 
O 


Word Driver Word Driver 
Row Decoder Row Decoder Row Decoder 





Absolute Maximum Ratings 


Parameter Symbol Rating Unit 
Voltage on any pin relative to Vgg Vr —1 to +7 V 
Short circuit output current lout 50 mA 
Power dissipation Py 1.0 WwW 
Operating temperature Topr 0 to +70 =C 
Storage temperature Tstg -55 to +125 EC 
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HM511002S Series 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Parameter Symbol Min Typ Max Unit 
Supply voltage Vcc 4.5 5.0 Ser) V 
Input low voltage VIL -2.0 _ 0.8 V 


Note) All voltages referenced to Vgg. 


DC Electrical Characteristics (Voc = 5V +10%, Vsg = OV, Ta = 0 to +70°C) 
HMS511002-8S HM511002-10S HM511002-12S 


Parameter Symbol - - - Unit Test condition Note 
min max min max =~“min ~~ max 
Operating = RAS, CS cycling, 
current Icc1 70 = 60 - SO mA tae Min *] 
= 7 _ , _ 2 RAS, CS = V TTL 
Standby I Sa es Se ee, OUT HIE AMIE 
current CC2 i 1 2 1 = 1 M™A_ RAS,CS > Vec-0.2V CMOS 
Dout = High- interface 
Refresh RAS only refresh, 
current loc3 7 70 = 60 - 50 mA tpc= Min *] 
Standby RAS =Vyp, CS = VIL> 
current lccs ~ 5 = 5 a 5 mA  Dout enable *1 
Refresh CS before RAS refresh, 
neenbel locs . 70 - 60 Z SO mA eee Min, 
Static column a 
mode current !CC9 ~ 60 = 50 = 40 mA _ tgc = Min *] 
Input leakage Izy —10 10 —10 10 —10 10 HA Vin =0tot+7V 
Output VouT = 0 to +7V, 
leakage ILo 10 10 —10 10 10 10 HA Dout is disabled 
Output levels VoH 2.4 Vcc 2.4 Vcc 2.4 Vec V_ = Ioyt=-S5mA 
VOL 0 04 OF O04  O  O4 #V Ioyp=4.2mA 


Note) *1. Icc depends on output loading condition when the device is selected, Icc max is specified at the output open 
condition. 


Capacitance (Vcc = 5V + 10%, Ta= 25°C) 








Parameter Symbol Typ Max Unit Note 
Input capacitance page Cu 2. 2 BE i. 
Clocks Cp — 7 pF *] 

Output capacitance Data-out Co _ 7 pF *1 #2 


Notes) *1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
*2. CS = Vy to disable Dout. 
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HM511002S Series 


Electrical Characteristics and Recommended AC Operating Conditions 
(Ta = 0 to +70°C, Voc = 5V t 10%, Vgg = OV)*1*17,°18 


HM511002-8S HM511002-10S HM511002-12S 





Parameter SYnbo) enn nit Note 
min max min max min max 
Random Read or Write Cycle Time tre 160 ~ 190 — 220 _ ns 
RAS Precharge Time trp 702 80 a 90 _ ns 
RAS Pulse Width tRAS 80 10000 100 10000 120 10000 _~ ns 
CS Pulse Width tsp 25 10000 25 10000 30 10000 _ ons 
RAS to CS Delay Time tRcD 22 55 25 75 25 90 ns *8 
RAS to Column Address Delay Time tRAD 17 40 ~=20 55 20 65 ns *9 
RAS Hold Time trsL 25. — 2 30. 2 #— ns 
CS Hold Time tcsH 80 100 _ 120 _ ns 
CS to RAS Precharge Time tsRS 10 10 _ 10 _ ns 
Row Address Set-up Time taSR 0 — 0 _ 0 — ns 
Row Address Hold Time tRAH 12 - 15 — 15 _ ns 
Transition Time (Rise and Fall) ty 3 50 3 50 3 50° ns *7 
Refresh Period tREF _ 8 _ 8 — 8 ms 
Access Time from RAS tRAC ~ 80 _ 100 —- 120 ns *2,*3 
Access Time from CS tacs _ 25 = 25 - 30 = ns #3 *4 
Access Time from Address taAaA = 40 - 45 - 55 ns *3,*5,*14 
Column Address Hold Time to RAS on Read tar 80 — 100 a 120 — ns 
Read Command Set-up Time trcs 0 ~ 0 —_ 0 ~ ns 
Read Command Hold Time to CS trcH 0 - 0 = 0 _ ns 
Read Command Hold Time to RAS tRRH 10 — 10 — 10 — ns 
Column Address to RAS Lead Time tRAL 40 — 45 — 55 — ns 
RAS to Column Address Hold Time taAHR 15 — 15 — 15 — ns *16 
Output Hold Time from Address taOH 5 — 5 ~ 5 — ns 
Output Buffer Turn-off Time toFF = 20 S 25 zs 30 ns *6 
Column Address Set-up Time tasw 0 = 0 = 0 = ns 
Column Address Hold Time taHw 20 _ 20 _ 25 — ns 
Column Address Hold Time to RAS on Write tawR 60 = 75 = 90 a ns 
“WriteCommand Set-up Time = | twcs 0 —-  O - O -— ns *10 . 
Write Command Hold Time twcH 20 ~ 20 - 25 — ns 
Write Command Hold Time to RAS twcR 60 - 75 - 90 _ ns 
Write Command Pulse Width twp 15 _ 15 ~ 20 _ ns 
Write Command to RAS Lead Time tRWL 25 aa 25 = 30 = ns 
Write Command to CS Lead Time towL 25 _ 25 ~ 30 - ns 
Data-in Set-up Time tos 0 — 0 ~ 0 — ns *11 
Data-in Hold Time tpH 20 _ 20 - 25 — ns *11 
Data-in Hold Time to RAS tpHyR 60 —- 75 - 90 ~ ns 
Read-Write Cycle Time trwc 190 -- 220 _ 255 ~ ns 
RAS to WE Delay Time trwD 80 = 100 _ 120 = ns *10 
CS to WE Delay Time tewo 25) - 25 ~ 30 _ ns *10 
Column Address to WE Delay Time tawpD 40 ie 45 ee 55 —_ ns *10 
Output Hold Time from WE twoH 0 = 0 = 0 = ns 
CS Set-up Time (CS before RAS Refresh) tcsr 10 = 10 = 10 rs ns 
CS Hold Time (CS before RAS Refresh) tcHR 202= + 20 ~ 25 _ ns 
RAS precharge to CS Hold Time tZRH 10 _ 10 = 10 _ ns 
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HM511002S Series 


@ SC Mode Cycle 


2. 


So a 


12. 
13. 


14, 
15. 


16. 
17. 
18. 


436 


HM511002-8S HM511002-10S HM511002-12S ; 
Parameter Symbol ——-__________-___-"—>— Unit Note 
min max min max min max 
SC Mode Cycle Time on Read tsc 45 — 50 _- 60 - ns 
SC Mode RAS Pulse Width trasc — 144000 -— 144000 -— 144000 ns 
RAS to Second WE Delay Time trswp = 80 - 100 = 120 = ns 
‘CS Precharge Time tsI 10 — 10 — 15 — ns 
Write Invalid Time twI 10 — 10 - 15 _ ns 
@ SC Mode Read-Modify-Write and Mixed Cycle 
HM511002-8S HMS511002-10S HM511002-12S : 
Parameter Symbol ————__-—_-_______--—- Unit Note 
min max min max min ma 
SC Mode Cycle Time on Read-Write tsrw 90 - 100 _ 120 _ ns *12 
Access Time from Previous WE taLW _ 85 = 95 = 115 ns  *3,*13 
Previous WE to Column Address Delay Time tLWAD 25 45 25 50 30 60 ns *15 
Column Address Hold Time to Previous WE  taHLW_ 85 - 95 —~ 115 _ ns 
Output enable time from WE tow ae 30 = 30 aa 35 ns 
Notes) 1. AC measurements assume tT = 5ns, 


Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). If tRCD or tRAD is greater than the maximum 
recommended value shown in this table, tRAC exceeds the value shown. 

Measured with a load circuit equivalent to 2TTL loads and 100pF. 

Assumes that tRCD 2 tRCD (max), tRAD StRAD (max). 

Assumes that tRCD < tRCD (max) and tRAD 2 tRAD (max). 

tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to 
output voltage levels. 

VIH (min) and VIL (max) are reference Ivels for measuring timing of input signals. Also, transition times are 
measured between VIH and VIL. 

Operation with the tRCD (max) limit insure that tRAC (max) can be met, tRCD (max) is specified as a re- 
ference point only, if tRCD is greater than the specified tRCD (max) limit, ‘then access time is controlled ex- 
clusively by tACS. 

Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a 
Reference point only, if tRAD is greater than the specified tRAD (max) limit, then access time is controlled 
exclusively by tAA. 

twcs, tRWD, tCWD and tAWD are not restrictive operating parameters, They are included in the data sheet as 
electrical characteristics only: if twCS 2 twCS (min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle; if tRWD 2 tRWD (min), tcwD 2 tCWD (min) 
and tawD 2 tAWD (min), the cycle is a read/write and the data output will contain data read from the selected 
cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeter- 
minate. 

These parameters are referenced to CS leading edge in early write cycles and to WE leading edge in delayed write 
or read-modify-write cycles. 

tSRW (min) = tAWD (min) + tLWAD (max) + tT. 

Assumes that tLWAD S tLWAD (max). If tLWAD is greater than the maximum recommended value shown in 
this table tALW exceeds the value shown. 

Assumes that tLWAD 2 tLWAD (max). 

Operation with the tLWAD (max) limit insures that tgRW (max) can be met, tLWAD (max) is specified as a Re- 
ference point only, if tLWAD is greater than the specified tLWAD (max) limit, then access time is controlled ex- 
clusively by ta a. 

taHR defines the time at which the column address hold. 

An initial pause of 100s is required after power-up then execute at least 8 initialization cycles, 

At least, 8 CS before RAS refresh cycle are required before using internal refresh counter. 
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HM511002S Series 


Timing Waveforms 


@ Read Cycle 




















@ Write Cycle 


aoe 
- ik LLL LL LLL LL LLL 


a; 
cop 


~ T= WOT 





Hight-Z * 2 


Notes) *1.(7//7/: Don't Care 
* 2, twos 2 twcs (min) 
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HM511002S Series 


@ Read Modify Write Cycle 


srs 


allem, 


WE cab} fs 





LLILILLLMALLL_2 — 


Notes) *1 (7 /}: Don't Care 
% 2 tawo 2 tewo (min) 


TILTLTIF NPT TILL TAT. 


lASR 


UTIL IR 2 VI TIT ITI IT IIS 77 


High-Z 
Note) #1.[/////: Don’t Care 


Note) *1.[777/4: Don't Care 
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HM511002S Series 
© Static Column Mode Read Cycle 


LASR 


= 
ae 


ss YM ow 


=, i ee LIL 


ee eis, 
= mak, I RL 
men 4 OY, Dout 2 


<a. 


Note) #1. [7Z7//): Don’t Car 


Static Column Mode Write Cycle-1 


aes i 


ws ) LX avon 2 | pape Te. 
= nt 
ies 
| 





- LLL eS 


WD ms KDI. 


High-Z * 2 


Notes) *1 WJ: Don't C 


twos (min) 
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HM511002S Series 


@ Static Column Mode Write Cycle-2 


im 
ToT 
fs | ~ 


oar 


= WL 
i a 
Be 
TD = X= X= YUL 


Note) 





Notes) *1.[777]: Don't care 
% 2. trwo&trwo(min) 

t cwoZ t cwo(min) 

t awn tawo(min) 
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HM511002S Series 


@ Static Column Mode Mixed Cycle 


Ly 


Dout 
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MOS DYNAMIC RAM MODULE 
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HBS561003 Series 


262,144-word x 9-bit Dynamic Random Access Memory Module 


The HB561003 is a 2.25M dynamic random-access memory module organized as 262,144 x 9 bits [bit nine 
(PD, PQ) is generally used for parity and is controlled by PCAS] in a 30-pin single-in-line package comprising 
nine HM50256CP, 262,144 x 1 bit dynamic RAMs in 18-pin Plastic Leaded Chip Carrier mounted on a 
substrate together with decoupling capacitors. 


esFEATURES 

© 262,144 words x 9 bits Organization 

@ Industry standard 30-pin Single In-line Package Memory Module 

@ Single 5V (+10%) 

® Utilizes nine 256K Dynamic RAMs i in PLCC (HM50256CP) 

@ HB561003 operates as nine HM50256CP as shown in the functional block diagram. 
@ Low Power; Operating: 2,160mW typ. (tac = 260ns) 


Standby: 135mW typ. 




















from RAS (max) from CAS (max) Cycle (min) 
HBS61003A/AR/B-12 
HB561003A/AR/B-15 
HB561003A/AR/B-20 
@ Page mode capability 
@ TTL compatible 
@ 256 refresh cycles/4ms 
@ 3 variations of refresh 


RAS only refresh 

CAS before RAS refresh 

Hidden refresh 
@ Operating Ambient Air Temperature: 0°C to +70°C 
@ HB561003A/AR is leaded type 
@ HB5610038B is leadless type (socket type) 





MIPIN ARRANGEMENT 


Benne 


Paired tes Me a alle ee ct ee, Ge ee Ee Se pe A ee Se BR ee ee 
ayrHESOeE OAS 
caeoeorevee eeecraanamae Snetee2ganatghainiaananra PD Data In 


= PIN DESCRIPTION 

A0-A8 Address Inputs 

CAS, PCAS | Column Address Strobes 
DQ0-DQ7 Data In/Data Out 





eee ee ea eae ae ae ae ae ae ae aT i ae Or OOOO rl 


EB gta gti sgt et gtigige ge Fee ge" e = NC No Connection 
PQ Data Out 
Note) HB561003B’s pin arrangement (Side View) DAG 
is same as HB561003A /AR. RAS Row Address Strobes 
—— : WE Write Enable 
@ Common CAS control for eight common Data-!n and Data-Out 
lines. Vcc +5V Supply 
@ Separate CAS control for one separate pair of Data-In and Data- Vss Ground 


Out lines. 
@ The common 1|/O feature dictates the use of only early write 
operations to prevent contention on Din and Dout. 
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HB561003 Series 


FUNCTIONAL BLOCK DIAGRAM 
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PEAS (28) 


pp £29) 
Vec {V) 
Vee (30) 


2 
Vss (22) 


BABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vss: -1V to +7V 
Operating temperature, 7, (Ambient): 0°C to +70°C 
Storage temperature (Ambient): -55°C to +125 C 
Power dissipation: 9W 

Short circuit output current: 50mA 


HERECOMMENDED DC OPERATING CONDITIONS ( T2=0 to +70°C) 
Parameter Symbol 


Pane [oa 


Input Low Voltage Vin 


Note) 1. All voltages referenced to Vss 


© HITACHI | 
Hitachi America Ltd. ¢ 2210 O’Toole Ave. « San Jose, CA 95131 © (408) 435-8300 445 








HB561003 Series | 
MDC ELECTRICAL CHARACTERISTICS (7a=0 to + 70°C, Vec=5V+10%, Vss=0V) 











trc = 260ns 


current tec =min tre = 220ns 








Parameter Test Conditions | Symbol | min. | max. Unit Notes 
Operatin t RAS, CAS=cycle tre = 330ns 495 
ale pees trc =260ns Icci 630 mA |1 
Rc>min trc =220ns 747 
Standby current | RAS= Vin, Dou =High Z Poteet ae ma | 
Refresh t RAS only refresh tre = 330ns 378 
yeaa” at tre =260ns Ices 477 | mA 
en tre =220ns 558 
Standby current RAS= Vin, Dout =enable | Iecs | — | 90 | mA | 1 
f CAS before RAS refresh trc =330ns 405 
Refresh current es trc =260ns Icce 922 mA 
trc = 220ns 621 
Page made supply | RAS = Viz, CAS=cycle, trc = 330ns tees i‘? 333 
Input leakage 0< Vin<7V Iti —10 uA 
Output leakage 0< Vout <7V, Dout = disable Ito 
Output levels High (Jou = —5mA) Vou 

Low Uo =42mA) vo. [0] 04 | Vv 


MECAPACITANCE (Vcc=5V+10%, Ta=25°C) 


Parameter Notes 
Adres Pen | - | @ | oF | 2 
DQ eck = ok ws 
PO oe fo ee 
PD es [= 


Notes: 1. Jcc depends on output loading condition when the device is selected, JCC max is specified at the output 
open condition. 
2. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
3. CAS = V7# to disable Doyt. 


ERELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=0 to + 70°C, Vec=5V 10%, Vss=0V)}™ 1% IY 





Parameter sie hte Note 
| min. | max. | min. | | max. | | min. | max. | 
Aces Tine fom BIS cme = | wp - | ol - | m0) wf 
Access Time from CAS | tcac | — | 70; — [| 75] -— | 100] ns | 3,4 
Output Buffer Turn-off Delay | torr | — j 30| - | 40] - | 50] ns | 5 
Transition Time (Rise and Fall) | tr {| 3 | 50; 63 | sof «63 «(Sol ns | 6 
Random Read or Write Cycle Time trc 220 | — | 260 | — | 330 [| — | ns | 
RAS Precharge Time Ae ee ee emer 
CAS Pulse Width 10000 10000 | 100 | 10000| ns | 
RAS to CAS Delay Tine Cinco [| sof 3] | | 100] we 7 
RAS Hold Time 7 
CAS Hold Time 120 | — | 150 | — { 200 | — | ns | 
Row Address Set-up Tin ee ne oerines 
Row Adres Hold Time ae 
Column Address Set-up Time | msc | OF — | Of - | Of - [ ns | 
Column Address Hold Time | tean | 25 | - {| 25 | — | 30 {[ - | os | 
Column Address Hold Time referenced to RAS | tan =| 675 «| 6 «| 100 | — | 130 | — | ns | 
Read Command Set-up Time | tes |} O} - | Of — | Of — | os | 8 
Write Command Hold Time | twen | 45 | - | 45 | - | 55] - | 
Write Command Hold Time referenced to RAS eB 
Write Command Pulse Width | twe | 4 | - | 45 | - | 55 [{ - | os | 
_Write Command to RAS Lead Time | tewe. | 45 | —- | 45 | - | 55 [ — | ns | 
Write Command to CAS Lead Time | tw. | 45 | — | 45 | -— | 55 [ - | ns | 
Data-in Set-up Time tos | of — | of ~ { of — | os | 9 
(to be continued) 
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HBS61003 Series 


o 
ee] 
on 
for) 
—_ 
—_) 
So 
io) 
puod 
io) 
<0) 
se) 
ou 
nn 
pond 
S 
So 
Ww 
—" 
on 
ae) 
jee] 
on 
an 
—_ 
om] 
fo) 
Ww 
i] 
So 


Parameter : : Unit | Note 
| min. | max. | min. | max. Fara 
Data-in Hold Time | tow | | - | 6] - | |] - | os | 9 
Data-in Hold Time Referenced to RAS | tone =| 95 | — | 120 fo | 155 L = nee | 
Read Command Set-up Time Pie eee ee ee ee ee 
Read Command Hold Time Referenced to CAS | ten | Of - {[ Of - | Of} - | ns | 
Read Command Hold Time Referenced to RAS | teen | 10 { — {| 10 | —- | 10 [ — | ns | 
Refresh Period Pa ee ee ee eee 
CAS Precharge Time | tees | 50 | - | 60 | — {[ 8 | - [ os | 
CAS Set-up Time | tese | 10 | - | w | - | 10 | - | os | 
CAS Hold Time (CAS before RAS) | tewe | 120 | - | 150 | — | 200 | - | ns | 
RAS Precharge to RAS Hold Time ee ee eee ae 
Page Mode Read or Write Cycle | tec | 130 | - | 5 | — | 190 | — [| os | 
CAS Precharge Time, Page Cycle tcp | 50 {| - | 6 | — | 80 | — | ns | 


Notes: 1. AC measurements assume t7 = 5ns. 

2. Assumes that tpCcpD StRcp (max). If trcp is greater than the maximum recommended value shown in this 
table, tp4c exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads and 100pF. 

4. Assumes that trpcp 2tRcp (max). 

5. toFF (max) defines the time at which the output achieves the open circuit condition and output voltage levels 
are not referred. 

6. VyH (min) and Vyzz (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vy and V77. 

7. Operation with the tpcp (max) limit insures that tp4¢ (max) can be met. trcp (max) is specified as a re- 
ference point only; if tpcp is greater than the specified tpcp (max) limit, access time is controlled exclusively 
by (CAC. 

8. Early write cycle only (twcs = twcs (min)). 

9. These parameters are referenced to CAS leading edge. 

10. An initial pause of 100us is required after power-up. Then execute at least 8 initialization cycles. 
11. At least 8 CAS before RAS refresh cycles are required before using internal refresh counter. 


MEWAVE FORMS 
@ Read Cycle 





Address 





{RCH 


ce 
KY 


Sot Sam 
4 


Viv v, ’ 
" VLLLNLLLLL | 

Vi is 

Vor 


Note) (77: Don’t care 






£ 


torr 
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HB561003 Series 


@ Write Cycle 





— ZA YI 


Note) : Don’t care 


@RAS Only Refresh Cycle 


i [_——— 
a ae 
0////, Em HHU11//, 


* Refresh Address Ao- A7 (ANo- AX7) 


Vor High Impedance 


Note) : Don’t care 
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@ Hidden Refresh Cycle tac 
tras {Ras {xp 
Vis (Read) a (Refresh) (Refresh) _——$—»| 
<r 
Vin 
{AR 
trcp {Cas 
Vin 






Vie tase bs 


Vin R E Col y 
Address ” VY), ee: Add. J LR 


{Rcn 
Vin ne 
WE unl KZ Zi 
Vir 
torr 
papq f™ Valid Data 


Vor 


Note) (7: Don't care 


Address Dont’ care 


@ Counter Test 


!Refresh ) (Read/Write » 





LMMILLL 


{RCH 


Column 






ecm ee ee ee ee wee ee ee ee ee eee ae 


Wes 
Notes) *1. Dotted Line Means Read Cycle. { 
* 2. : Don’t care 
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HB561003 Series 
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HB561003 Series 


@ Page Mode Read Cycle 


Address 


DQ, PQ 


Vin 


Vin 


Vin 


Vin 


Vin 


Vie 


Von 


Von 


{RAS 


tre 
lCAS lors 
teas 
hh Leccnll ued 
1ASK ; 
tase 
(CAH 
tC AH 





ee Be xi KL, 


tees | lms 
Wide KZ a 


tA I At 


Valid 
is! >< i D 


{KOH 


i 


Valid 
cp, 


Note) 77]: Don’t care 


@ Page Mode Write Cycle 


Address 


DQ, PQ 


450 


Vin 


Vin 


_- 


IH 


_ 


WL 


Via 


Vin 


Hitachi America Ltd. 















{RAS 
tec 
treo a CAS - {cas 

oo oo 

tAsK tasc| 
{CAH ICH 

nose vat Py C/ ol. 

: st DOLD .: GL 
twos twes wes 
is tWwcH os (WOH tweH 

be Te [se V7 Let LLL 1, 
L/ / et LK a ns 
{DH 


Note) /7/: Don’t care 
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HB561003 Series 


HPACKAGE OUTLINE 
@HB561003A Series 


O.R0 COLOR) max, 





| 40 
| O.A00 COLOTUF + i 234 GO F00n O.250) COO? 


Unit : mm(inch) 


@ HB561003AR Series 


| : 78.74(3.10) | 


5.08( 0.200 ) max. 


senaicn 


i 
So 
~ , 
o 
— 
oo 
ates 
~w 
to] 


1 ; 30 . 
0.500(0.0197 ) 2.54(0.100) 0.250( 0.0098) | 





Unit > mm(inch) 


@® HB5610038B Series 


X8.90 (3.50) (5.08 (0.200) man. 











(0.155) R2E (3.23) 


Cirerit: Side 


(0,100min.) 17.78 10,700) max. 


: | 
(0.070min,) (Olmas.) | 1.2729:133 (0.0529-985) 


Unit : mm(inch) 







(0,080) 






(0.300) (0.070) (0.100) 
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HB561409 Series 


262,144-word x 9-bit Dynamic Random Access Memory Module 


The HB561409 is a 256k x 9 dynamic RAM module, mounted 
9 pieces of 256k-bit DRAM (HM51256CP) sealed in PLCC 
package. An outline of the HB561409 is 30-pin single-in-line 
package having two types; Lead type (HB561409A) and Socket 
type (HB561409B). Therefore, the HB561409 makes high 
density mounting possible without surface mount technology. 
The HB561409 provides common data input and output, and also 
provides separate I/O on parity bit for parity check. Its module 
board has decoupling capacitors to reduce noise. 


Features 
@® 262,144 words x 9 bits organization 


@ Industry standard 30-pin Single In-line Package Memory Module 
@ Single 5V (+10%) 
@® Utilizes nine 256K Dynamic RAMs in PLCC (HM51256CP) ; . 
@ HB561409A/B operates as nine HM51256CPs as shown in the Ordering Information 
functional block diagram TypeNo,  ‘A°°°8S package 
@ Low Power: Operating..... 1,800mW (typ) (tac = 180ns) dine 
Standby...... 6OmW (typ) HB561409A-10 100ns 20 Pit Lead 
@ Highspeed: Access time from RAS (max) = 100ns Type 
Access time from address (max) = 55ns HBS61409B-10 100ns 20 Pit Socket 
Read or write cycle (min) =.180ns Type 
@ High speed page mode capability (tec = 65ns) 
@® TTL compatible 
@ 256 refresh cycles/4ms 
@® 3variations of refresh 
RAS only refresh 
CAS before RAS refresh 
Hidden refresh 
@ Operating Ambient Air Temperature... .. 0°C to +70°C. 
Pin Arrangement : . 
Pin Description 
A0-A8 Address Inputs 


CAS, PCAS Column Address Strobe 
DQ0-DQ7 Data In/Data Out 





JUUUUUU 
EIR RENOROTSIOOT 


PD Data In 
, NC No Connection 
UNO NOON SP REN ARSREARANRSRRARRS PQ.__Data Out 
iiescuae Cue e BOS SA eer aes RAS Row Address Strobe 
SB Se BARS ge See S EES SZSe BES Vcc +5V Supply 
(Side View) e Vss Ground 
Note) HB561409B’s pin arrangement is same as HBS61409A. WE Write Enable 


® Common CAS control for eight common Data-In and Data- 
Out lines. 

@ Separate CAS control for one separate pair of Data-In and 
Data-Out lines. 

@ The common I/O feature dictates the use of only early write 
operations to prevent contention on Din and Dout. 
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HB561409 Series 


Functional Block Diagram 














lz 
. 3 





Ves (9) 

Vig, ee 
Absolute Maximum Ratings 
Voltage on any pin relative to Vsg ............ -1V to +7V 
Operating temperature, 7, (Ambient)......... O°C to +70°C 
Storage temperature (Ambient) .......... -55°C to +125°C 
Power dissipation ... 2... 0... eee ee et ee ees OW 
Short circuit output current ...........00 0c eee 50mA 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Parameter Symbol Min Typ Max Unit Note 
Supply voltage Vcc 4.5 5.0 9.0 V 1 
Input High voltage Vin 2.4 _ 5.5 V 1 
Input Low voltage VIL —1.0 — 0.8 V 1 
© HITACHI 


Hitachi America Ltd. ¢ 2210 O’Toole Ave. « San Jose, CA 95131 © (408) 435-8300 453 


HB561409 Series 


DC Electrical Characteristics (Ta = 0 to +70°C, Voc = 5V t 10%, Vgg = OV) 


























Parameter Symbol Min Max Unit Notes 
Operating current trc=180ns Iccl — 540 mA * ] 
Standby current Icc2 — 18 mA 
Refresh current trc=180ns Icc3 = 540 mA RAS only refresh 
Standby current (Dout Enable) Icc4 — 54 mA * 1 
Refresh current trc=180ns : Icc5 met 495 mA CAS before RAS refresh 
Operating current tpc=65ns Icc6 = 540 mA * 1, High speed page mode 
Input leakage 0<Vin<7V Iu —10 10 LA 
Output leakage 0<Vout<7V ILo —10 10 uA Dout is disabled 
Output levelsHigh Iout=—5mA VoH 2.4 Vcc V 

Low lout = 4.2mA VoL 0 0.4 V 





Capacitance (Voc = 5V t 10%, Ta = 25°C) 




















Parameter Symbol Type Max Unit Notes 
Address Cn = 60 pF *2 
Clocks Cre = 75 pF * 2,3 
DQ Ci/o — 17 pF * 2,3 
PQ Co = 12 pF * 2,3 
PD Ci3 as 10 pF *2 


Notes) *1. Icc depends on output loading condition when the device is selected, 
ICC max is specified at the output open condition. 
*2. Capacitance measured with Boonton Meter or effective capacitance 
measuring method. 
*3, CAS = Vin to disable Dout. 


Electrical Characteristics and Recommended AC Operating Conditions 
Read, Write and Refresh Cycles (Common Parameter) (Ta = 0 to +70°C, Voc = 5V + 10%) 


Parameter Symbol Min Max Unit 
Random Read or Write Cycle Time tRC 180 — ns 
RAS Precharge Time tRP 70 — ns 
RAS Pulse Width tRAS 75 10000 ns 
CAS Pulse Width tcas 30 _ ns 
Column Address Set-up Time tASC 0 — ns 
Column Address Hold Time tcAH 25 = ns 
Column Address Hold Time to RAS taR 80 = ns 
RAS to CAS Delay Time tRCD 25 70 ns 
RAS to Column Address Delay Time tRAD 20 45 ns 
RAS Hold Time tRSH 30 — ns 
CAS Hold Time tcsH 100 — ns 
CAS to RAS Precharge Time tCRP 10 ns 
Row Address Set-up Time tASR 0 — ns 
Row Address Hold Time tRAH 15 = ns 
Transition Time (Rise and Fall) tT 3 50 ns 
Refresh Period tREF na 4 ms 
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Notes 


* 8 


* 9 


*7 


HB561409 Series 


@ Read Cycle 




















Parameter Symbol Min Max Unit Notes 
Access Time from RAS tRAS = 100 ns *2, *3 
Access Time from CAS tcac — 30 ns *3, *4 
Access Time from Address tAA oF 55 ns * 3, *5 
Read Command Set-up Time tkcs 0 == ns 
Read Command Hold Time to CAS tRCH 0 — ns 
Read Command Hold Time to RAS tRRH 10 = ns 
Column Address to RAS Lead Time tRAL 5D = ns 
Output Buffer Turn-off Time toFF 0 30 ns * 6 
@ Write Cycle 
Parameter Symbol Min Max Unit Notes 
Write Command Set-up Time twcs 0 ae ns * 10 
Write Command Hold Time twcH 30 = ns 
Write Command Hold Time to RAS twcr 85 = ns 
Write Command Pules Width twp 29 = ns 
Write Command to RAS Lead Time tRWL 30 ie ns 
Write Command to CAS Lead Time tcwL 30 = ns 
Data-in Set-up Time tps 0 = ns * 1] 
“Data-in Hold Time tDH 29 eas ns *11 
Data-in Hold Time to RAS tDHR 80 = ns 
@ Refresh Cycle 


Parameter Symbol Min Max Unit Notes 
CAS Set-up Time | 











(CAS before RAS Refresh) pau 10 a a 
CAS Hold Time 

(CAS before RAS Refresh) mee o i HS 
RAS Precharge to CAS Hold Time tRPC 15 = ns 
@ High Speed Page Mode Cycle 

Parameter Symbol Min Max Unit Notes 
High Speed Page Mode Cycle Time tec 65 — ns *12 
High Speed Page Mode RAS Pulse hare 75 75000 ee * 13 
Width 

CAS Precharge Time tcp 20 ae ns 
Write Invalid Time twl 15 ae ns 
Access Time from Column tear - 60 Ae #14 


Precharge Time 


Notes) *1. AC measurements assume tT = 5ns. 

*2. Assumes that trop S trcp (max) and trap S trap (max). If trop or trap is greater than the maximum 
recommended value shown in this table, t exceeds the value shown. 

*3,. Measured with a load circuit equivalent to ATL loads and 100pF. 

*4. Assumes that tpcp 2 trcp (max) and trap Strap eile 

*5. Assumes that trop Strcp (max) and trap 2 trap (max.) 

6. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to 

output voltage level. 

*7, Vyyy (min) and Vy; (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vy; and Vq71. 
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HB561409 Series 


8. Operation with the tpcp(max) limit insures that trac(max) can be met. trcp(max) is specified as a re- 
ference point only; if tpcp is greater than the specified tpcp (max) limit, then access time is controlled 
exclusively by tc Ac. 

9. Operation with the trap(max) limit insures that tprac(max) can be met. trap(max) is specified as a 
reference point only; if trap is greater than the specified trap (max) limit, then access time is controlled 
exclusively by ta A. 

10. Only early write cycle to prevent contention on Data in and out (twcs 2 0). 

11. These parameters are referenced to CAS leading edge in early write cycle. 

12. Assumes that tasc = tcp-Sns. 

13. trapc definesRAS pulse width in High Speed Page mode cycle. 

14. Access time is determined by the longer of tag or tcac or tcap. 

15. An initial pause of 100s is required after power-up then execute at least 8 initialization cycles. 
16. Atleast, 8 CAS before RAS refresh cycles are required before using an internal refresh counter. 


Timing Waveforms 
Read Cycle 


(a Ee 
fe na 


Pesggeee ee nc: a CSH 


tran ie “ 
aa trap 


Adie ail cin com KITT LLL LL LLL LLL. 


t fa 


Tn | 


torr 


a 


Note) *1. 727: Don’t care 
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HB561409 Series 


Write Cycle 
t 
SS a TaN 


om = 


z 5 
see 77 Rievs MITT 


- TO, zk | om 


Dn me CLLLLLLLLLLLLL 


RAS Only Refresh Cycle 
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Open 
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HB561409 Series 


Hidden Refresh Cycle 


RAS c— 
Ercb 
CAS al tasc a : 
a RAL _ 
CLLLLLLL. 


Column} VL ILEL LALLA ILL IAL ALLA AAA A AALS 
a 


WE a a ae 
torr 


Dout 
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= 
& 
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Address /p { Row } CLD 


~ 
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x 
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trac 


| Read Refresh | 


Note) *1./77: Don’t care 


CAS before RAS Refresh Cycle 






tre irc 


ip pf tt 
Oe = 


danse LLL L LTS IA ID LLL ILI IA II IID AA PDI IAS IIT IIT LISI IIT I 


RAS 











Dout Open 


Note) *1.?777]: Don’t care 
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HB561409 Series 


High Speed Page Mode Read Cycle 


Se A pe 
a 


/ 


U/ > 1) Dout2 |) UN Dout N > 
eee i, 


Note) *1.{///A: Don’t care 





High Speed Page Mode Write Cycle 
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HB561409 Series 


Package Outline, Unit; mm (inch) 
HB561409A 


78.74 (3,10) 


JUUUUUU 


TVET YTV om 


é 
a 
i] 

¥ 

E 
oo 
ae 
i 
= 


Renee aa 0.500.197 ) 2.54(0.100) 





HB561409B 






5.08max. 
3.50( 88.90 ) ; (0.200) 









3.234 (82.14) 
Circuit Side 







3.10max. (78.74 ) 





(0.125DIA ) 


(0.100min. ) 





1274 


(0.05 79-288 ) 


(0.070min. )} 


(0.300) (0.070) 2.54( 0.100) 





Note) Copper contact pads are overcoated with Tin/Lead. 
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HBSGI409L Series 


262,144 x 9 bit Dynamic Random Access Memory Module 


The HB561409L is a 256k x 9 dynamic RAM module, 
mounted 9 pieces of 256k-bit low power DRAM(HM51256 LCP) 
sealed in PLCC package. An outline of HB561409L is 30-pin 
single-in-line package having two types; Lead type (HB561409AL) 
and Socket type (HB561409BL). Therefore, the HB561409L 
makes high density mounting possible without surface mount 
technology. The HB561409L provides common data input and 
output, and also provides separate !/O on partity bit for parity 
check. Its module board has decoupling capacitors to reduce 
noise. 


Features 
@ Utilizes nine low power CMOS 256K dynamic RAMs in PLCC 
(HM51256LCP) 
@® 262,144 words x 9 bits organization 
@ Industry standard 30-pin Single In-line Package Memory 
Module 
@ Single 5V (+10%) 
@® HB561409AL/BL operates as nine HM51256LCPs as shown in 
the functional block diagram 
@ Low Power: Operating..... 1.8W/1.6W @ Common “GAS: Wontrol’ “for ‘eight 
Standby ...... 60mW (TTL level); 
9mW (CMOS level) 
@ Data retention current: 2.7mA/tger = 32ms 


common Data-In and Data-Out lines. 
@ Separate CAS control for one separate 
pair of Data-In and Data-Out lines. 





@ High speed: Access time from RAS (max) = 100ns/120ns eo: Thescamincnil/O feature dictaetpe 
Access time from address (max) = 55ns/65ns ; 
: ; use of only early write operations to 
Read or write cycle (min) = 180ns/210ns : : 
; prevent contention on Din and Dout. 
@ High speed page mode capability (tpc = 65ns/75ns) 
@ Edge triggered write capability Ordering Information 
@® TTL compatible —_—_-__— oe 
@ 256 refresh cycles/32ms Type Package 
@ 3 variations of refresh PME 
DAG HB561409AL-10 = 100ns_—-30pin 
RAS only refresh HB561409AL-12 120ns__ Lead Type 
CAS before RAS refresh HB561409BL-10  100ns_—30pin 
Hidden refresh HB561409BL-12 120ns_ Socket Type 
@ Operating ambient air temperature..... 0°C to +70°C 
Pin Arrangement (HB561409AL) Pin Description 
: A0-A8 Address Inputs 


CAS, PCAS Column Address Strobe 
DQ0-DQ7 Data In/Data Out 


JIUUUUUUL 















PD Data In 
NC No Connection 
AAG TNOKOBSHAMTNEROASHNS HiINnON WHO RAS Row Address Strobe 
PSone Atoms ete. eae ae Te oS ee OL EN SONS 
Vcc +5V Supply 
rt wn fap) fee) LoD HA (ey Ses 
SRA AQ Ree BSB Ae SAZe RES Bega BReS Vss Ground 
oe a aalica WE Write Enable 








(Side View) a 


Note) HB561409BL’s pin arrangement is same as HB561409AL. 





@ HITACHI 


Hitachi America Ltd. © 2210 O’Toole Ave. ¢ San Jose, CA 95131 © (408) 435-8300 461 





HB561409L Series 


Functional Block Diagram 





Absolute Maximum Ratings 


Voltage on any pin relative toVss............ -1V to +7V 
Operating temperature, Ta(Ambient)......... 0°C to +70°C 
Storage temperature (Ambient).......... -55°C to +125°C 
Power dissipation .. 0... 0... 000 c eee ee ee ee ee eae OW 
Short circuit output current .............0. 0000 50mA 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Parameter Symbol Min Typ max Unit Note 
Supply voltage Vcc 4.5 5.0 5.5 V if 
Input High voltage Vin 2.4 ais 5.5 V 1 
Input Low voltage VIL “1,0 te 0.8 V 1 


Note) 1. All voltages referenced to Vgg. 


© HITACHI 
462 Hitachi America Ltd. © 2210 O’Toole Ave. « San Jose, CA 95131 © (408) 435-8300 





HB561409L Series 


DC Electrical Characteristics (Ta = 0 to +70°C, Voc = 5V + 10%, Vsg = OV) 











Parameter Symbol Min Max Unit Notes 
Operating current trc=210ns Ns 450 
RAS, CAS cycling trc=180ns Ice] 540 ae : 


Standby current 























RAS=Vin Dout=High Impedance. lec? oa 18 mA 
Refresh current trc=210ns 480 ress 
fee = 18008 Icc3 — 540 mA RAS only refresh 
Standby current _ 
RAS=Vin Dout Enable lecd o4 mA | 
Standby current _ 
RAS, CAS2Vcc—0.2V pags Pe ae 
Refresh current trc=210ns Icc6 a 430 eK CAS before 
trc=180ns 495 RAS refresh 
Operating current tec=75ns _ 400 1 
tpc=65ns Ice? 450 mA. High speed page mode 
Input leakage 0<Vin<7V Ini —10 10 LA 
Output leakage 0<Vout<7V ILo = 10 10 LA Dout is disabled 
Output levels High Iout=—5mA Vou 2.4 Vcc V 
Output levels Low Iout=4.2mA VoL 0 0.4 Vv 





Capacitance (Vcc = 5V + 10%, Ta = 25°C) 


Parameter Symbol Type Max Unit Notes 





Address Cu = 60 pF Z 
Clocks Ci2 = 75 pF ao 
DQ Cio —_ 17 pF 2,3 
PQ Co = 12 pF 23 
PD Cis = 10 pF 2 


Notes) 1. Icc depends on output loading condition when the device is 
selected, Icc max is specified at the output open condition. 
2. Capacitance measured with Boonton Meter or effective 
capacitance measuring method. 
3. CAS = VIH to disable Dout. 





Electrical Characteristics and Recommended AC Operating Conditions 
Read, Write and Refresh Cycles (Common Parameter) (Ta = 0 to +70°C, Voc = 5V + 10%) 





Parameter Symbol Sa EA ct Unit Notes 
Min Max Min Max 
Random Read or Write Cycle Time tRc 180 —_ 210 ns 
RAS Precharge Time trp 70 = 80 ns 
RAS Pulse Width tRAS 75 10000 85 10000 ns 
CAS Pulse Width tcas 30 — 35 ns 
Column Address Set-up Time tasc 0 aoe 0 ns 
Column Address Hold Time tcAH 29 = 20 ns 
Column Address Hold Time to RAS taR 80 Us ns 
RAS to CAS Delay Time tRcD 25 70 25 85 ns 8 
RAS to Column Address Delay Time tRAD 20 45 20 55 ns 9 
RAS Hold Time tRSH 30 — 35 ns 
CAS Hold Time tcsH 100 = 120 ns 
CAS to RAS Precharge Time tcRP 10 = 10 ns 
(to be continued) 
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HB561409L Series 





Parameter Symbol Min Max Min Max a Notes 
ROW Address Set-up Time tASR 0 = 0 ns 
ROW Address Hold Time tRAH 15 = 15 ns 
Transion Time (Rise and Fall) tT 3 50 3 50 ns 7 
Refresh Period tREF = 32 32 ns 
@ Read Cycle 
Parameter Symbol eaten eaten Unit Notes 
Access Time from RAS tRAC = 100 a 120 ns 2,3 
Access Time from CAS tcac = 30 a 35 ns 3,4 
Accces Time from Address taA a Soe) i 65 ns 3,5 
Read Command Set-up Time tRcs 0 = 0 = ns 
Read Command Hold Time to CAS tRCH 0 = 0 - ns 
Read Command Hold Time to RAS tkRH 10 a 10 = ns 
Column Address to RAS Lead Time tRAL 55 ~ 65 — ns 
Output Buffer Turn-Off Time tOFF 0 30 0 35 ns 6 
@ Write Cycle 
Parameter Symbol seen eee Epa eee Unit Notes 
Min Max Min Max 
Write Command Set-up Time twcs 0. = 0 ia ns 10 
Write Command Hold Time twcH 30 = 35 — ns 
Write Command Hold Time to RAS twcR 85 = 90 = ns 
“Write Command Pulse Width twp 25 = 30 — ns 
Write Command to RAS Lead Time tRWL 30 = 35 = ns — 
Write Command to CAS Lead Time tCWL 30 = 35 = ns 
Data-in Set-up Time tps 0 _ 0 = ns 11 
Data-in Hold Time tDH 25 = 30 — ns 1] 
Data-in Hold Time to RAS tDHR 80 = 95 ao ns 
@ Refresh Cycle 
Parameter Symbol wa Mae ais Unit Notes 
CAS Set-up Time (CAS before RAS Refresh) tCSR 10 Sa 10 a ns 
CAS Hold Time (CAS before RAS Refresh) tCHR 10 as 10 = ns 
RAS Precharge to CAS Hold Time tRPC 15 = 15 — ns 
@ High Speed Page Mode Cycle 
Parameter Symbol aa, en Unit Notes 
High Speed Page Mode Cycle Time tpc 65 see 75 — ns 12 
High Speed Page Mode RAS Pulse Width tRAPC 75 75000 85 75000 ns 13 
CAS Precharge Time tcp 20 = 25 ca ns 
Write Invalid Time tw 15 ae 15 oe ns 
Access Time from Column Precharge Time tcaP am 60 = 70 ns 14 
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HB561409L Series 


Notes) 1. AC measurement assume ty = Sns. 

Assumes that trpcp S trcp (max) and trap S trAp (max). If tpep or trap is greater than the maximum 
recommended value shown in this table, trac exceeds the value shown. 

Measured with a load circuit equivalent to ASL loads and 100pF. 

Assumes that tpcp 2 trcp (max) and trap S trap (max). 

Assumes that trap S$ trcp (max) and trap 2 trap (max). 

torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to 
output voltage level. 

Vin (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between pee and Vy. 

Operation with the tpcp (max) limit insures that trac (max) can be met. tpcp (max) is specified as a re- 
ference point only; if tpcp is greater than the specified trop (max) limit, then access time is controlled 
exclusively by tcac. 

9. Operation with fhe t 
reference point only; 
exclusively by ta a. 

10. Only early write cycle to prevent contention on Data in and out (twcs 2 0). 

11. These parameters are referenced to CAS leading edge in early write cycle. 

12, Assumes that t = tcp.sns 

13. trapc defines RAS pulse width in High Speed Page mode cycle. 

14. Access time is determined by the longer of ta or tc ac OF tcap. 

15. An initial pause of 100s is required after power-up then execute at least 8 initialization cycles. 
16. At least, 8 CAS before RAS refresh cycles are required before using an internal refresh counter. 


R AD (max) limit insures that trac (max) can be met. trap (max) is specified as a 
if trap is greater than the specified trap (max) limit, then access time is controlled 





Timing Waveforms 
Read Cycle 
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Write Cycle 
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HB561409L Series 


RAS Only Refresh Cycle 
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Hidden Refresh Cycle 
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CAS Before RAS Refresh Cycle 
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HB561409L Series 


High Speed Page Mode Read Cycle 
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High Speed Page Mode Write Cycle 
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HB561409L Series 


- Package Outline; Unit: mm (inch) 
HB561409AL Series 


5.08max. 
78.74‘ 3.10: : ‘0.200: 


JUUUUDU 


17.78max. 0.70 


CO 


inc NO, 
Dine 2.540.100: 














HB561409B L Series 
5.08max. 
3.50( 88.90) i (0.200) 
(0.133) 3.234 (82.14 } 
| 3.10max. ( 78.74 } Circuit Side 
(0.125DIA ) | 
e 
& 
= S 
8 S 
° 
1 30 
(0.080) z 
1 27 70.127 
S ie -0.102 
(0.300! _ (0.070) 2.54( 0.100) S (0.057 0:008 ) 


Note) Copper contact pads are overcoated with Tin/Lead. 
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HB561008 Series 


262,144-word x 8-bit Dynamic Random Access Memory Module 


The HB561008A/AR/B is a 2M dynamic random-access memory module organized as 262,144 x 8 bits ina 
leadless 30-pin single-in-line package comprising eight HM50256CP, 262,144 x 1 bit dynamic RAMs in 18-pin 
Plastic Leaded Chip Carrier mounted on top of a substrate together with decoupling capacitors mounted 


together with the chip carriers. 


sFEATURES 

@ 262,144 words 8 bits Organization 

®@ Industry standard 30-Pin Single Inline Package Memory Module 

@ Single 5V (+10%) 

® Utilizes eight 256K Dynamic RAMs in PLCC (HM50256CP) 

® HB561008A/AR/B operates as eight HM50256CP as shown in the functional block diagram. 
@ Low Power; Operating: 1,.920mW typ. (tac = 260ns) 


Standby: 120mW typ. 










from RAS (max) from CAS (max) 

HBSnORA/ ARB 
HBS61008A/AR/B-15 
HB561008A/AR/B-20 

@ Page mode capability 

® TTL compatible 

@ 256 refresh cycles: (4ms) 

® 3 variations of refresh 


RAS only refresh 

CAS before RAS refresh 

Hidden refresh 
® Operating Ambient Air Temperature: 0 to +70°C 
HB561008A/AR..... Leaded type 
@® HB561008B ....Leadless type (socket type) 


MPIN ARRANGEMENT 
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S|\2g322g94 oO aie B32 a|2e8 § 
(Side View) 


© Common CAS control for eight common Data-In and Data-Out 
lines. 

@ The common 1/O feature dictates the use of only early write 
operations to prevent contention on D and Q. 
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Read or Write 


A0-A8 
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DQ0-DQ7 
NC 
RAS 


WE 


Vec 
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m PIN DESCRIPTION 


Address Inputs 

Column Address Strobes 
Data In/Data Out 

No Connection 

Row Address Strobes 
Write Enable 

+ oV Supply 


Ground 
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@ ABSOLUTE MAXIMUM RATING 

Voltage on any pin relative to Vgg: -1V to +7V 
Operating temperature, Tz (Ambient): 0°C to +70°C 
Storage temperature (Ambient): -55°C to +125°C 
Power dissipation: 8W 

Short circuit output current: 5}0mA 


MIRECOMMENDED DC OPERATING CONDITIONS ( 7c=0 to + a 


Parameter 
Supply Voltage Vcc 
Input High Voltage Vin 
Input Low Voltage Vin 





Note) 1. All voltages referenced to Vss 
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HB561008 Series 


EDC ELECTRICAL CHARACTERISTICS ( 7a=0 to +70°C, Vec=5V +10%, Vss=0V) 


Parameter 


Operating current 


Standby current 
Refresh current 


Standby current 
Refresh current 


Page made supply 
current 

Input leakage 
Output leakage 
Output levels 








Address 
Clocks 


Parameter 












Test Conditions 


RAS, CAS=cycle tre = 330ns 
: trc =260ns 
trc = min trc = 220ns 


RAS= Vin, Dou = High Z 














RAS only refresh tre ae 

wt tre= ns 

érc = min trc =220ns 
RAS= Vin, Dout =enable 

CAS before RAS refresh tre =330ns 

; trc =260ns 

trc =min tre = 220ns 






RAS= Viz, CAS=cycle, trc = 330ns 
. trc =260ns 
tec =min trc =220ns 






0< Va TV Lh 10 10 uA 


High (Jou = --5mA) Vou 
Low (low =4.2mA) Von 


HECAPACITANCE (Vcc=5V+10%, Ta=25'C) 


ad 
Oo}; _ 


Ye 


Notes 


Notes: 1. [cc depends on output loading condition when the device is selected, JCC max is specified at the output 
open condition. 
2. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
3. CAS = V7# to disable Dout-: 


MELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Ta=0to +70°C, Vec=5V+10%, Vss= 


1), 10), 11) 


OV) 


Parameter ‘ Symbol Note 
| min. | max. | min. | max. | min. | max. 
Access Time from RAS | trac | — | 120 | — | 150] — | 200) ns | 2,3 
Access Time from CAS lteac | - | 70 | — | 7} - | 100] ns | 3,4 
Output Buffer Turn-off Delay | torr | - | 30] - | 401 - | 50] ns | 5 
Transition Time (Rise and Fall) 6 
Random Read or Write Cycle Time | tec | 220 | — | 260 | - | 330 | — | ns | 
RAS Precharge Time tre | 9 | - | 100 | — | 120} - | ns | 
RAS Pulse Width 120 | 2000] 150 | 2000] 200 | 2000] ns | 
CAS Pulse Wide 
RAS to CAS Delay Time 100 7 
RAS Hold Time jtese | 70 | - | 7% | — | 100 | - { ns _ 
CAS Hold Time rtesn | W20 | — | is0 [| — | a0 | — [me 
CAS 1 RAS Precharge Time ero re oreo 
Row Address Set-up Time tase | Of - | Of - | 0 | — | ns | 
Row Address Hold Time len ee ie oe ee ee 
Column Address Set-up Time pases) = Oe Seo he Oe ee Oil], ee 1 ns. 2] 
Column Address Hold Time Poste Jew eee See 
Column Address Hold Time referenced to RAS tar | 75 | — | 100 | - | 130 | — | ns | 
Read Command Set-up Time liwes| 0, ~ | Of -~ | Of — | ns | 8 
Write Command Hold Time chek eae 
Write Command Hold Time referenced to RAS | twer | 95 | — | 120 | - | 155 | — | ns | 
Write Command Pulse Width lie | 45 |] - | 4 | - | 55 | ~ | ns | 
Write Command to RAS Lead Time | tewe | 45 | - | 45 | - | 55 | - | ns | 
Write Command to CAS Lead Time ftw. | 45 { -— | 45 | - | 55 |] - | ns | 
Dataiin Set-up Time Bol wiLe eect Le eo 
(to be continued) 
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HB561008 Series 


Parameter 


SS. 
A 
= 
2 


I : Unit Note 


min. {| max. | min. | max. { min. | max. Luni 
Data-in Hold Time = don | 45 [=] a a ns. | 9 
Data-in Hold Time referenced to RAS btpwe | 95 | | 120 p= | 155 | — | ns | 
Read Command Set-up Time fires {| 0 | > | Of = | Of = Tons. | 
Read Command Hold Time referenced to CAS ten | Of - | of = | of = | os | 
Read Command Hold Time referenced to RAS | tern | 10 | = | 10 | - | 10 | - | ns | 
CAS Precharge Time 50 | - | 60 | - | 80 [ - | ns | 
CAS Hold Time (CAS before RAS) 120 | ~- | 150 | ~ | 200 | — | ns | 
RAS Precharge to RAS Hold Time | tree | 0 | | 0 Men Oe ee lt ange 
Page Mode Read or Write Cycle | tec | 130 | —_ | 145 — | 190 | — | ns | 
CAS Precharge Time, Page Cycle | tce | 50 | — | 60 _ 80 — ns 








Notes: 1. AC measurements assume t7 = Sns. 

2. Assumes that trcp = tRcp (max). If trcp is greater than the maximum recommended value shown in this 
table, trac exceeds the value shown. 
Measured with a load circuit equivalent to 2TTL loads and 100pF. 
Assumes that trcp 2 tRCD (max). 
tOFF (max) defines the time at which the output achieves the open circuit condition and output voltage levels 
are not referred. 

6. VyH (min) and Vy7y7 (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vyy and V77. 

7. Operation with the tRCp (max) limit insures that tp.4¢ (max) can be met. tRcp (max) is specified as a re- 
ference point only; if pcp is greater than the specified tRpcp (max) limit, access time is controlled exclusively 
by {CAC. 

8. Early write cycle only (twos 2twcs (min)). 

9. These parameters are referenced to CAS leading edge. 

10. An initial pause of 100us is required after power-up. Then execute at least 8 initialization cycles. 
11. At least 8 CAS before RAS refresh cycles are required before using internal refresh counter. 


he aia 





MIWAVE FORMS 


@ Read Cycle 





| 





om a. a 
Vin 
. ry 
tCAH 
Vin aes PR ees 
Address Yy _ & // PR hie 
Vin ress ddress 


Vin /) 


Note ) : Don’ t care 
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HB561008 Series 


@ Write Cycle 





OM YU 
ee te 
eT TILT ZI 


Note) (77): Don’t care 


@ RAS Only Refresh Cycle 


ICRP 


Vin 
Vie 


{RP 


RITIZIZL 
KLLLLL LL) 


* Refresh Address Ao- A7 (A Xo- 
Note) 777] : Don’t care 
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HB561008 Series 


@ Hidden Refresh Cycle 


tke 
MRAS thas tre 
Vin Read: _———\ Refresi ‘Kefeh | >—«l 
"vam tail ae 
Van 


{Cas 


aime Data SELL ome 9 


i. 


_ 
~ 


_ 





ai “ 


\iH En 
IRKH 
Va 
DQ ee Vahd Data 






Von 


Note) [777/: Don’t care 


@ CAS Before RAS Refresh Cycle 








Address . 
; Done care 
Vin 
®@ Counter Test 
trp 
" ed 
RAS ’ - 
on (Refresh (Read/Write) 
Vie 
CAS 
Viz 
VW eS , 
Coane A 





{RCH 


Notes) *1. : Don’t care 
* 2. Dotted Line Means Read Cycle. 
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HB561008 Series 


@ Page Mode Read Cycle 


Address 


DQ 





Os 
Von 
G C 
Vou 


Note) (77): Don’t care 


fe Ae fe Me 


@ Page Mode Write Cycle 


Address 


DQ 


476 


{RAS 


a 
te - tCAs 


te 





{ASR tase 
{CAH 1CAH 
. | ane 


KOE MIR KIRILL 


Vin 
Wes Nes Mes 
, i 
° os hid Wnty 
(pa {pH 





f 


CE KDE MIL. 


Note) V7): Don’t care 


LLL LE RD 
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HB561008 Series 
MIPACKAGE OUTLINE; Unit: mm (inch) 


@HB561008A Series 
6.80( 0.268 ) max. 


eee eee 


=| 
“~-_ 
we 
S 
i) 
~ 
ise] 
= 
fe 2) 
r—4 





30 
| 0.500( 0.0197 ) | | 2.54( 0.100) 0.250(0.0008) | 


@ HB561008AR Series 5.08( 0.200 )max. 


08 ( 
| 78.74(3.10) - | 


30 
| 0.500( 0.0197 ) | | 2.54(0.100) 0.250( 0.0098 ) 





E 
in, 
[~) 
& 
Oo 
[eo ¢) 
ahr 
~~ 
an! 


@® HB561008B Series 


88.90 (3.50) 9.08 (0.200max.} 















(0.133) 82.14 (3.234) 





Circuit Side 


HoO0Oo0Oo0o00000 0o000000D0nnmo0o0000 


30 
1 
(0.070min.) 1.277012? 
(0.01max.) ieee 
, (0.100) on 





(0.125) DEA 
hru 








10.05 *9:995) 


Unit : mm( inch) 
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HBSGA18 Series 


1,048,576 words x 8 bits High Density Dynamic RAM Module 


The HB56A18 is a 1M x 8 dynamic RAM module, mounted 8 
pieces of 1M-bit DRAM (HM511000JP) sealed in SOJ package. 
An outline of the HB56A.18 is 30-pin single-in-line package having 
two types; Lead type (HB56A18A) and Socket type (HB56A 18B). 
Therefore, the HB56A18 makes high density mounting possible 
without surface mount technology. The HB56A18 provides 
common data input and output. Its module board has decoupling 
capacitors to reduce noise. 


Features 


@ High Density Industry Standard 30-pin SIP 
Mounting 8 pcs of 1M Dynamic RAM HM511000JP 


(J-bend SO) 
@ Single +5V Supply 
@ High speed; Ordering Information 
Fast Access Time from RAS . . 100 ns/120ns/150ns (max.) ; 
Fast Access Time from CAS ..... 50ns/60ns/7 5ns (max.) TV DESNO>, | _ -ROceSy UT: SBASHOEE 
Fast Access Cycle time (Read or Write) BODINE SUOUS: ain iarerp 


f Raceaa ete oe telta Nie e 190ns/220ns/260ns (min.) HBS6AI8A-12 — 120ns Leaded type 

@ Low Power Operation and Low Power Standby; ab iets aa 

Operation..... 1.4W (typ.) HB56A18B-10 100s 30-pin SIP 

Standby ...... 20mW (typ.) BOO re. 2LANUe: se aches type 
© Page Mode Capability HB56A18B-15 —150ns 
@ 3 Variations of Refresh Capability 

RAS Only Refresh 

CAS before RAS Refresh 

Hidden Refresh 


@ Directly TTL Compatible: All Inputs and Outputs 


Functional Block Diagram 





Pin Description 
Pin Name Function 
A0-A9 Address 
DQ0-DQ7 Data Input/Output 





CAS Column Address Strobe 
ea ; ne 7 Me oe: a eo HE, Das DQT RAS NC RAS iar Address Gaoie 
WE Write Enable 
Vcc Power Supply(+5V) 
Vss GND 
Ne Non Connection 
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HB56A18 Series 





Absolute Maximum Ratings 


Voltage on any pin relative to Vog....- 2.2 -1V to +7V 
Operating temperature, Ta (Ambient)......... 0°C to +70°C 
Storage temperature (Ambient).......... ~55°C to +125°C 
POWGRGISSIDAN ON: once Se ab aw OO eee AS aed SW 
Short circuit output current .............0.2 00 eee 50mA 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 


Parameter Symbol Min Typ Max Unit Note 
Supply voltage Vcc 45 5.0 5.5 Vv 1 
Input High voltage Vin 2.4 = a) V i 
Input Low voltage VIL -1.0 — 0.8 V 1 


Note) 1. All voltages referenced to Vss 


DC Electrical Characteristics (Ta = 0 to +70°C, Voc = 5V + 10%, Vg = OV) 


Parameter Symbol Min Max Unit Notes 
Operating current 
trc = 260 ns 320 
tre = 220 ns cet 400 a : 
tre = 190 ns 480 
Stay (S.. g e Lee aee mA TTL Interface 
tan y current cc CMOS 
= 8 mA 
Interface 
Refresh current 
tre = 260 ns = 280 RAS only 
tre = 220 ns icc? 320 oe Refresh 
tre = 190 ns 400 
Standby current 
(Dout Enable) Icc5 = 40 mA i 





RAS = Vin,CAS= VIL 
Refresh current 


tre = 260 ns Iec6 _ 280 oa CAS before 
tre = 220 ns 320 RAS Refresh 
tre = 190 ns 400 
Page mode current 
tec = 105 ns 320 
tec = 85ns ae 360 ue : 
tec = 70ns 400 
Input leakage _ 
0 < Vin < 7V Iu 10 10 HA 
Output leakage 7 Dout is 
0 < Vout < 7V Lo os MY ais disabled 
Output level 
High loi 2-3 Vou 2.4 Vcc Vv 
Output level VoL 0 0.4 Vv 


Low Iout = 4.2 mA 


Capacitance (Voc = 5V + 10%, Ta = 25°C) 


Parameter Symbol Typ Max Unit Notes 
Address Cn = 55 pF 2 
Clocks Cia == 70 pF 23 
Data I/O Cio — iW pF 2,3 


Notes) 1. Icc depends on output loading condition when the device is selected, Icc max specified at the output open 
condition. 


2. Capacitance shall be measured with Boonton Meter or effective capacitance measuring method. 
3. CAS = VIH to disable Dout. 
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HB56A18 Series 





Electrical Characteristics and Recommended AC Operating Conditions 
(Ta = 0 to +70°C, Voc = 5V t 10%, Vgg = OV)1)-9),19) 











HB56A18-10 HB56A18-12 HB56A 18-15 





































































































Parameter Symbol Min Max Min Max Min Max Unit Note 

Access Time from RAS - tRAC mae 100 ae 120 oe 150 ns 2,3 
Access Time from CAS tCAC as 50 a 60 am 75 ns 3,4 
Output Buffer Turn-off Delay tOFF = 25 — 30 ame 40 ns ey 
Transition Time(rise and fall) tr 3 30 3 20 3 20 ns 6 
Random Read or Write Cycle Time tkC 190 == 220 = 260 = ns 

RAS Precharge Time trp 80 cea 90 —= 100 as ns 

RAS Pulse Width tRAS 100 10000 120 10000 150 10000 ns 

CAS Pulse Width tcas 50 10000 60 10000 75 10000 ~~ ns 

RAS to CAS Delay Time tRCD 25 50 25 60 30 75 ns 7 
RAS Hold Time tRSH 50 — 60 ory 75 = ns 

CAS Hold Time tcsH 100 ret 120 = 150 = ns 

CAS to RAS Precharge Time tCRP 10 cae 10 — 10 —= ns 

Row Address Setup Time tASR 0) aoe 0) _ 0 ead ns 

Row Address Hold Time tRAH 15 = 15 oF 20 ae ns 

Column Address Setup Time tASC 0 pas 0 = 0 = ns 

Column Address Hold Time tCAH 20 = 20 — 25 = ns 

Read Command Setup Time twcs 0 ssa 0 — 0 a= ns 8 
Write Command Hold Time twcH 29 a 25 oe 30 ra ns 

a Data-in Setup Time tps 0 = 0 = 0 = ns 7 

Data-in Hold Time tbH 20 = 25 = 30 = ns 

Read Command Setup Time tRCS 0 aed 0) = 0 “<4 ns 

Read Command Hold Time ae 0 _ 0 _ 0 _ ae _ 
referenced to CAS 

wate ian om 0 
Refresh Period tREF = 8 oe 8 = 8 ms 

CAS Setup Time tCSR 10 ray 10 = 10 — ns 

CAS Hold Time(CAS before RAS) tCHR 20 as 25 = 30 = ns 

RAS Precharge to RAS Hold Time tRPC 10 = 10 eae 10 ae ns 

Page Mode Read or Write Cycle tec 70 a 85 —= 105 = ns 

CAS Precharge Time, Page Cycle tcp 10 ae 15 = 20 ae ns 


Notes) 1. AC measurements assume ty = 5ns. 
2. Assumes that trop S$ trcp (max). If trep is greater than the maximum recommended value shown in this 
table trac exceeds the value shown. 


3. Measured with a load circuit equivalent to 2TTL loads and 100pF. 

4, Assumes that trop 2 trcp (max). 

5. torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to 
output voltage level. 

6. Vy (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vyyy and Vy,. 

7. Operation with the { cp (max) limit insures the tp senan) can be met, tR p (max) is specified as a re- 
ference point only, if trap is greater than the spodiiie trcp (max) limit, fien access time is controlled 
exclusively be te ac. 

8. Early write cycle only twes 2 twcs (min)). 

9. An initial pause of 100us is required after power-up. Then execute at least eight initialization cycles. 

10. At least, eight CAS before RAS refresh cycles are required before using the internal refresh counter. 
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HB56A18 Series 


Timing Waveforms 
Read Cycle 


ai Dm POLST LLLLLLL 


tren 


= TTT TTT 


trac 





Write Cycle 


tcrp 





io a es IE 


tweu 


twes 


"TTT WITTTTTTIIT/ 
TTT TT IX KITTTIT ITT TT 1 


Open * 2 


= 
rH 


oO 
5 


Dout 





Notes) * 1. (7 : Don’t care 


*2. twos twces(min ) 
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HB56A18 Series 


@ RAS Only Refresh Cycle 


tre 
= <a 
2 


“Z XCZZLILIL. 


Dout 


Notes) *1. Refresh Address AO~A8(AXO0~AX8) 
* : Don’t care 


us 
N: 


@ Hidden Refresh Cycle 


Kcr ate} 


Be LLL LLL LLM 
nl 
x LLL 





@ CAS Before RAS Refresh Cycle 


cr a 
ae 


seal MIA TEHEMBEL ie DOOSHEA MEADS 


Open 
Dout i 
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HB56A18 Series 


@ Page Mode Read Cycle 


meee. 


oa ae 


a LEE, = 
law at SS oe 


Note) *1.27: Don’t care 





@ Page Mode Write Cycle 


i 
ro cet ae MOTT 
TTA wok ana 


e Te ATI CTT IIIT. 


Note) *1.7%/7]: Don’t care 
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HB56A18 Series 


Package Outline, Unit: mm (inch) 
HB56A18A Series 





Pin No Name [Pin No Name 























Vec | 16 DQ4 

78.74: 3.100! 5.28max. — 
| F10.208max. 2 CAS || 17 A8 
| 3 DQ0 | 18 Ag 
Z| pH 4 Ao | 19 NC 
2 ei 5 Al | 2% DQ 
. | 6 pai. | 2 WE 
é z 7 a2 | 22 Vss 
Sy 8 A3. | 23 DQ6 
le HO 28 10-0088) 9 Ves 24 NC 
es 10 Dez | 2 Dba 
ae 11 Ad | 26 NC 
12 AS || 27. RAS 
13 DQ3 | 28 NC 
14 A6 | 29 NC 
15 A7 || 30 Vee 


HB56A18B Series 


_ 88.9(3.500) 


82,14(3.234) 


1.5.28max. 
(0.208max. ) 


(BARA 





20.45max. 
(0.805max. ! 


fst 


a) jy 


1.7R(0.067max.) | | _ i |_2.54(0.100)___ BASIC 


* BOTH SIDES 
-2,03(0.080) _| 


__..4,62( 0.300) 


BASIC 
BOTH SIDES 


|| [.1.78(0.070) 





_.  73,66(2-900)REP 





Pin No Name 





Pin No Name 





1 Vec | 16 DQ4 
2. CAS | 17 A8 
3 DQ0 | 18 Ag 
4 AO || 19 NC 
5 Al | 20 DQ5 
6 DQi. | 21 WE 
7 A2 | 22 Vss 
8 A323 DQ6 
9 Vss || 24 NC 
10 DQ2. | 25 DQ? 
11 Ad | 26 PQ 
12 A5 | 27. RAS 
13 DQ3. || 28 ~~ PCAS 
14 A6 | 29 PD 
15 AT | 30 Vec 
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HBSGA19 Series 


1,048,576-words x 9 bits High Density Dynamic RAM Module 


The HB56A19 is a 1M x 9 dynamic RAM module, mounted 9 
pieces of 1-Mbit DRAM (HM511000JP) sealed in SOJ package. 
An outline of the HB56A19 is 30-pin single-in-line package having 
two types; Lead type (HB56A19A) and Socket type (HB56A19B). 
Therefore, the HB56A19 makes high density mounting possible 
without surface mount technology. The HB56A19 provides 
common data input and output, and also provides separate 1/O 
on parity bit for parity check. Its module board has decoupling 


capacitors to reduce noise. Ordering Information 
Features Type No. Accesstime Package 
@ High Density Industry Standard 30-pin SIP Oe aa 30-pin SIP 
Mounting 9 pes of 1M Dynamic RAM HM511000JP HBS6A19A-15 150ns_ Lead type 
i HB56A19B-10 —-100 ee 
vend oo) HB56A19B-12 120ng PIN SIP 
@ Single +5V Supply HB56A19B-15 150ns_— Socket type 
@ High speed; 
Fast Access Time from RAS 
ssi tach aah sie adsl. ae 100ns/120ns/150ns (max) Pin Description 
Fast Access Time from CAS Pin Name Funes 
eras whantaceaatere! meena 50ns/60ns/75ns (max) Aone eee 


Fast Access Cycle Time (Read or Write) 


eka ieaieds Ge 190ns/220ns/260ns (min) DOES eee 





@ Low Power Operation and Low Power Standby; CAS pol Ageless Stee 
Operation..... 1.6W (typ) PCAS CAS for parity 
Standby ...... 22mW (typ) RAS Row Address Strobe 

@ Page Mode Capability . WE Write Enable 

@ 3 Variations of Refresh Capability 
RAS On ly Refresh PD Data in for parity 
CAS before RAS Refresh PQ Data out for parity 
Hidden Refresh Vee Power Supply(+5V) 

@ Directly TTL Compatible: All Inputs and Outputs Vss GND 

NC Non Connection 


Functional Block Diagram 





Pin Arrangement 


NC WE DQ. DQ; RAS PD 
DQs Vss NC PQ PCAS Vec 
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HB56A19 Series 


Absolute Maximum Ratings 


Voltage on any pin relative to Vogg............ -1V to +7V 
Operating temperature, Ta (Ambient)......... 0°C to +70°C 
Storage temperature (Ambient).......... -55°C to +125°C 
Power dissipation .......... 0... 0. 0c cece eee ees QW 
Short circuit output current .................004 50mA 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 














Parameter Symbol Min Typ Max Unit Note 
Supply voltage Vcc 4.5 5.0 5.5 V 1 
Input High voltage VIH 2.4 = 5 V 1 
Input Low voltage VIL -1.0 = 0.8 V 1 





Note) 1. All voltages referenced to Vss 


DC Electrical Characteristics (Ta = 0 to +70°C, Voc = 5V + 10%, Vsg = OV) 











Parameter Symbol Min Max ‘Unit Notes 
Operating current 
tre = 260 ns 360 
tre = 220 ns Iccl 450 mA : 
tre = 190 ns 540 
eee , Benner: eee Oc Abes ETL Intertace 
tandby current il a a a a Mos 
— 9 mA 
Interface 
Refresh current 
tre = 260 ns -_ 315 RAS only 
tre = 220 ns ee 360 ps Refresh 
tre = 190 ns 450 
Standby current 
(Dout Enable) Icc5 — 45 mA 1 
RAS = Vin,CAS= VIL 
Refresh current 
tre = 260 ns Iec6 = 315 ie CAS before 
tre = 220 ns . 360 RAS Refresh 
trc = 190 ns 450 
Page mode current 
tpc = 105 ns 360 
tpc = 85 ns meee 405 me ; 
tpc = 70ns 450 
Input leakage = 
0< Vin < 7V = a i ale 
Output leakage _ Dout is 
0-< Vout < 7V ILo = at Be disabled 
Output level 
High lout = —5 mA ve a ee " 
Output level VoL 0 04 Vv 


Low lout = 4.2 mA 


Capacitance (Voc = 5V + 10%, Ta = 25°C) 




















Parameter Symbol Typ Max Unit Notes 
Address Cn ae 60 pF 2 
Clocks Ci2 = 75 pF Zo 
Data I/O Ci/o — 17 pF 2,3 
Date-in Cr = 10 pF 9 
Date-out Co = 12 pF 20 





Notes) 1. Icc depends on output loading condition when the device is selected, Icc max specified at the output open 
condition. 


2. Capacitance shall be measured with Boonton Meter or effective capacitance measuring method. 


3. CAS = VIH to disable Dout. 
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HB56A19 Series 


Electrical Characteristics and Recommended AC Operating Conditions 
(Ta = 0 to +70°C, Voc = SV # 10%, Vgg = OV)!),9):10) 


488 


Parameter 


Access Time from RAS 

Access Time from CAS 

Output Buffer Turn-off Delay 
Transition Time(rise and fall) 
Random Read or Write Cycle Time 
RAS Precharge Time 

RAS Pulse Width 

CAS Pulse Width 


RAS to CAS Delay Time 


RAS Hold Time 

CAS Hold Time 

CAS to RAS Precharge Time 
Row Address Setup Time 
Row Address Hold Time 
Column Address Setup Time 
Column Address Hold Time 
Read Command Setup Time 
Write Command Hold Time 
Data-in Setup Time 

Data-in Hold Time 

Read Command Setup Time 


Read Command Hold Time 
referenced to CAS 


Read Command Hold Time 
referenced to RAS 


Refresh Period 

CAS Setup Time 

CAS Hold Time(CAS before RAS) 
RAS Precharge to RAS Hold Time 
Page Mode Read or Write Cycle 





CAS Precharge Time, Page Cycle 
Notes) 1. 
Z. 


table trac excee 
Measured 


torr (max) de 
output voltage level. 


measured between Vyyy and 


ey eee 


exclusively be tc ac. 


. Early write cycle only twos 2 = t wc 
9. An initial pause of | 100u8 § is re dite 


10. At least, eight CAS before 


AC measurements assume ty = Sns. 
Assumes that trcp S trcp (max). If tpep is greater than the maximum recommended value shown in this 
as the value shown. 
with a load circuit equivalent to 2TTL loads and 100pF. 
Assumes that tpcp 2 trcp (max). 
sNnes t the fine at which the output achieves the open circuit condition and is not referenced to 


Symbol 


- TRAC 
tCAc 
tOFF 

tT 
trc 
trp 
tRAS 
tcAs 
tRCD 
tRSH 
tCSH 
tCRP 
tASR 
tRAH 
tASc 
tCAH 
twcs 
twCH 
tps 
tDH 


tRCS 


tRCH 


tRRH 


tREF 
tCsR 
tCHR 
tRPC 
tec 


tcp 


(min)). 
after power-up. Then execute at least eight initialization cycles. 
refresh cycles are required before using the internal refresh counter. 


HB56A 19-10 


Min 


3 
190 
80 
100 
30 
29 
30) 
100 
10 

0 
15 

0 
20 

0 
295 

0 
29 

0 


0 


10 


10 
20 
10 
70 
10 


VIL- 
Operation with the taqp (max) limit insures the tr 


Max 
100 


50 
25 
50 


10000 
10000 
50 


HB56A19-12 


Min 


3 
220 
90 
120 
60 
25 
60 
120 
10 
0 
15 
0 
20 
0 
29 
0 
29 
0 


0 


10 


10 
29 
10 
85 
15 


Max 
120 
60 
30 
50 


— 


10000 
10000 
60 


HB56A19-15 


Min 


3 
260 
100 
150 

75 
30 
75 
150 
10 


20 


29 


30 


30 


10 


10 
30 
10 
105 
20 


Max 
150 
75 
40 
50 


10000 
10000 
75 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 


ns 


ms 
ns 
ns 
ns 
ns 


ns 





Note 


2,3 
3,4 
+) 
6 


Vin (min) and Vy ry ene) ae are reference levels for measuring timing of input signals. Also, transition times are 


(max) can be met, trcp (max) is specified as a re- 
ference point only, if tpcp is greater than the specified trap (max) limit, then access time is controlled 
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HB56A19 Series 


Timing Waveforms 


Read Cycle 


trc 
trp 


—___ = 


- P= MOTT 
; PE Lae 
TTT TTF Was OTT 


trac 


Note) *1.27777]: Don’t care 





Write Cycle 


wm MOK =I 


tweu 


twes 


"TTT VITITITIL ILL 
TTT TT TK KITT TTT TL / 


Open * 2 


Notes) *1. (77 : Don’t care 


* 2. twos = twes(min) 
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HB56A19 Series 


RAS Only Refresh Cycle 


tre 


tr 
tcrp 
ee 


“7 XCZIZLILL 


Open 


Notes) *1. Refresh Address AO~A8(AX0~AX8) 
* 2. : Don’t care 





Hidden Refresh Cycle 





tre 
me tg 


| READ tRP (REFRESH) _ trp 
pte —_ 


tre 
) 


AS 


i? > 
a 
Address Row) ples] 


al seamamearemenan 
QM ° 


as 
TD. 









Address 





LLLLLLLLLLLLESALLLLLLLLLLLLLL. 


Open 
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HB56A19 Series 


Page Mode Read Cycle 


SA 


: is 
I KEK ZL 
XZ. 


Note) *1.7474: Don't care 





Page Mode Write Cycle 












om NOL = NZD == XZIZIZIZIZL 
"TA WA PITT 
LLP BILL I PILLLLLLL 


Open 


= ee 
: eee 


Note) *1.////: Don’t care 
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HB56A19 Series 


Package Outline, Unit: mm (inch) 
HB56A19A Series 











Pin No Name | Pin No Name 
81.2(3.197) 1 Vcc | 16 DQ4 
2 CAS | 17 Ags 

J Betas 3 DQo | 18 Ag 
i 4 Ao || 19 NC 
5 5 Al || 20 DQ5 
: 6 pai |} 21 WE 
E pes ree pppoe Doom reseeraees pee 7 A2 || 22 Vss 
pean [ Py iy ioe : A3 || 23 ——~DQ6 
di eee 2.54(0.1) © vss | aA Ne 
sls 10 DQ2 |} 25 DQ? 
ale 1 A4 || 26 PQ 
12 A5 || 27. RAS 
13 DQ3 |} 28  PCAS 

14 A6 || 29 PD 

HB56A19B Series 6 AT 30 Vee 


Pin No Name) Pin No Name 


838-913-500) 























3.38( sea — aa 82.14(3.234) l Vec | 16 DQ4 
H+ pena — opi - | 2 CAST i as 
: 3 3 DQO 
Qo | 18 AQ 
z| 4 Ao | 19 NC 
F a oe 5 Al |} 20 DQ5 
sg, | 1.2740.127 6 DQ1 | 21 WE 
ai eae : (0.05 +. 0.005 ) 
6.35(0.250 | sinietoreeais: ) 7 Az | 22 Vss 
BASIC 
Seance | —2s4.010 BOTH SIDES 3.17 + 0.127( 60.125 + 0.005 ) 8 A3 | 23 DQ6 
9 Vss | 24 NC 
7.62 (0.300) ae 7866 2-900)REF 10 DQ2 | 25 DO? 
Bon snes : 
ll A4 || 26 PQ 
12 A5 || 27 RAS 
13 DQ3 || 28 ~~ PCAS 
14 A6 || 29 PD 
15 A7 || 30 Vec 
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HN623257P, HN623257F———— 


32768-word x 8-bit CMOS Mask Programmable Read Only Memory 





The HN623257P/F is a 256-kbit CMOS mask-programmable HN623257P 
ROM organized as 32768 words by 8 bits. Realizing low power 
consumption, this memory is allowed for battery operation. 


Features 


@ Single +5V Power Supply | 
Three-State Data Output for OR-Tieing 
TTL Compatible | 
Maximum Access Time: 150ns (Max.) | 
Low Power Consumption: 100mW (typ.) active 


5uW (typ.) standby | 
| (DP-28) 


| HN623257F 


i 


(FP-28D) 








Byte-Wide Data Organization 


Block Diagram 


3-state 


Output 
Buffer 


Address 
Buffer 








Pin Arrangement 


OE/OE/NC 





Absolute Maximum Ratings 





Item Symbol Value Unit 
Supply Voltage * 1 Vcc —0.3 to +7.0 V 7 
All Input or Output Voltage*1 Vr —0.3 to Vec+0.3 Vv 
Operating Temperature Range Topr —20 to +75 C 
Storage Temperature Range Tstg —55 to +125 C 
Temperature Under Bias Tbias —20 to +85 c 


Note) *1. With respect to Vss. 


(Top View) 
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HN623257P, HN623257F 


Recommended Operating Conditions (Vgg = OV, Ta = -20 to +75°C) 


Item Symbol min typ max Unit 
Supply Voltage Vcc 4.5 5.0 5.5 V 
Vin 2.2 _ Vcc+0.3 Vv 
Input Voltage 
VIL =(3 = 0.8 V 
. e ea ° 
DC Electrical Characteristics (Voc = 5V +10%, Vg = OV, Ta = -20 to +75 C) 
Item Symbol min max Unit Test Condition 
Active Icc — 45 mA Vcc =5.5V, Ipour=0mA,trc= min 
Supply Current = 
Standby Isp —_ 30 uA Vcc=5.5V, CE2 Vcc—0.2V 
Input Leakage Current | Int | — 10 uA Vin=0 to 5.5V 
Output Leakage Current | Tur | = 10 A CE=2.2V, Vout=0 to Vcc 
Vou 2.4 oa V loH= —2054A 
Output Voltage 
VoL a 0.4 V lor =3.2mA 





Capacitance (Vcc = 5V +10%, Vss = OV, Ta = 25°C, Vin = OV, f = 1 MHz) 





Item Symbol min max Unit 
Input Capacitance Cin a 10 pF 
Output Capacitance Cout — 15 pF 





Note) This parameter is sampled and not 100% tested. 


AC Electrical Characteristics 
(Veco = 5V +t 10%, Vgg = OV, Ta = -20 to +75°C) 


@ Input Pulse Level ..................... 0.8 to 2.4V 
@ Input and Output Timing Reference Level.......... 1.5V 
@ Input Rise and Fall Time .................000. 10ns 
@ Output Load ............... 1 TTL gate +C, = 100pF 


(including jig capacitance) 





Item Symbol min max Unit 
Read Cycle Time tRC 150 cae ns 
Address Access Time taa aa 150 ns 
CE Access Time tACE oe 150 ns 
Data Setup Time CE tCLz 10 am ns 
Output Hold Time from Address Change tpHA 0 = ns 
Data Hold Time from CE*1 tcHZ ay 70 ns 
Output Hold Time CE toHc 0 ome ns 
OE Access Time toE oe 70 ns 
Data Setup Time OE toLz 10 = ns 
Data Hold Time from OE ¥1 toHz a 70 ns 
Output Hold Time from OE tpHo 0 5 ns 


Note) *1. tcyzyz and toyzz define the time at which the output goes to the high impedance state and is not referenced to 
output voltage levels. 
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HN623257P, HN623257F 


Timing Diagram 


tre 


faa 





tba 
CE 
tcuz 
OE 
Dout High-Z High Z 





Notes) 1. The time at which the data output becomes invalid is defined by tpya, tpHc OF tpHo. Whichever occurs 
first. 
2. The time at which the data output becomes valid is defined by ta a, tacE OF tor, whichever occurs last. 
3. The time at which the data output becomes invalid from the high impedance state is defined by tc,z or 
toLz, whichever occurs last. 
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HNG6G2321P 


131072-word x 8-bit CMOS Mask Programmable Read Only Memory 


The HN62321P is a 1-Mbit CMOS mask-programmable ROM 
organized as 131072 words by 8 bits. Realizing low power con- 
sumption, this memory is allowed for battery operation. In 
addition, the HN62321P, which provides large capacity of 1M 
bits, is ideally suited for kanji character generators. 


Features 


Single +5V Power Supply 


Three-State Data Output for OR-Tieing 


TTL Compatible 


Maximum Access Time ................ 150ns (max.) 
Low Power Consumption .......... 100mW (typ.) active 


Byte-Wide Data Organization 


Block Diagram 





Address Memory 
Buffer Array 


Absolute Maximum Ratings 


Item Symbol 


Supply Voltage * 1 Vcc 


All Input or Output Voltage*1l Vr 


Operating Temperature Range Topr 


Storage Temperature Range Tstg 


Temperature Under Bias Tbhias 


Note) *1. With respect to Vss. 


Hitachi America Ltd. « 





5uW (typ.) standby 
Pin Arrangement 


3-state 
Output 
Buffer 





Value Unit ) 
—0.3 to +7.0 V (Top View) 
—0.3 to Vec+0.3 V 
0 to +70 © 
—55 to +125 Cc 
—20 to +85 Cc 
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HN62321P 


Recommended Operating Conditions 
(Vsg = OV, Ta = 0 to +70°C) 


Item Symbol! min 
Supply Voltage Vcc 4.5 
Vin 2.2 


Input Voltage 
VIL —0.3 


typ 
5.0 


max 


3.9 


Vcc +0.3 


0.8 


Unit 
V 
V 


V 


DC Electrical Characteristics (Voc = 5V 10%, Vgg = OV, Ta = 0 to +70°C) 


Item Symbol min 
Active Icc = 

Supply Current 
Standby Isp _— 
Input Leakage Current | Tur | —_ 
Output Leakage Current | | Tur | — 
Vou 2.4 

Output Voltage 
VoL = 


max 


50 
30 
10 
10 


0.4 


Unit 
mA 
uA 
BA 
uA 
V 
V 


Test Condition 
Vcc=5.5V, Ipour =0mA,trc = min 
Vec=5.5V, CE2 Vec—0.2V 
Vin=0 to 5.5V 
CE=2.2V, Vout=0 to Vcc 
lon = —205uA 
loL=3.2mA 


Capacitance (Vcc = 5V 10%, Vg = OV, Ta = 25°C, Vin = OV, f = 1 MHz) 


Item Symbol min max 

Input Capacitance Cin = 10 

Output Capacitance Cout = 15 
Note) This parameter is sampled and not 100% tested. 
AC Electrical Characteristics 
(Voc = 5V £10%, Vgg = OV, Ta = 0 to +70°C) 
@ Input Pulse Level ..................0-. 0.8 to 2.4V 
@ Input and Output Timing Reference Level.......... 1.5V 
@ Input Rise and Fall Time ..................... 10ns 
@ Output Load ............... 1 TTL gate +C, = 100pF 


(including jig capacitance) 


Item 
Read Cycle Time 
Address Access Time 
CE Access Time 
Data Setup Time CE 
Output Hold Time from Address Change 
Data Hold Time from CE*1 
Output Hold Time CE 


Symbol 


tRC 
tAAa 
tACE 
tcLz 
tDHA 
tcHz 


tpHC 


Unit 
pF 
pF 
min max Unit 

150 on ns 

= 150 ns 

= 150 ns 

10 = ns 

0 =e ns 

—= 70 ns 

0 = ns 


Note) *1. tcpyz and toyz defines the time at which the output goes to the high impedance state and is not referenced to 


output voltage levels. 
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HN62321P 


Timing Diagram 


Address 


tas 


t pHa 


CE 
tcuz 


_ KY \ 
OY 


Notes) 1. The time at which the data output becomes invalid is defined by tpHA ©! tpHc, whichever occurs first. 
2. The time at which the data output becomes valid is defined by taa or tacg, whichever occurs last. 






Dout 


\\\ ce 
Wy 
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HN62321BP 


131072-word x 8-bit CMOS Mask Programmable Read Only Memory 


The HN62321BP is a 1-Mbit CMOS mask-programmable 
ROM organized as 131072 words by 8 bits. Realizing low power 
consumption, this memory is allowed for battery operation. In 
addition, the HN62321BP, which provides large capacity of 1M 
bits, is ideally suited for kanji character generators. 


Features 


@ Single +5V Power Supply 





@ Three-State Data Output for OR-Tieing 
@ TTL Compatible 
@ Maximum Access Time .............2-- 200ns (max.) 
@ Low Power Consumption.......... 100mW (typ.) active 
5uW (typ.) standby 
@ Byte-Wide Data Organization Pin Arrangement 


Block Diagram 


\ 


3-state 


Address Memory Ontput 


Buffer Array Buffer 





Absolute Maximum Ratings 





(Top View) 
Item Symbol Value Unit 
Supply Voltage * 1 Vcc —0.3 to +7.0 V 
All Input or Output Voltage*#1 Vr —0.3 to Vec+0.3 V 
Operating Temperature Range  Topr 0 to +70 C 
Storage Temperature Range Tstg 50. 10: S120 x 
Temperature Under Bias Tbias —-20-to +85 aC 


Note) *1. With respect to Vss. 
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HN62321BP 


Recommended Operating Conditions 
(Vg = OV, Ta = 0 to +70°C) 




















Item Symbol min typ max Unit 
Supply Voltage Vee 4.5 5.0 9.0 V 
Vin Zee — Vcc + 0.3 V 





Input Voltage 
VIL 5 = ().8 V 








DC Electrical Characteristics (Voc = 5V +10%, Vsg = OV, Ta = 0 to +70°C) 
































Item Symbol min max Unit Test Condition 
Active Ice = 50 mA Vcec=5.5V, Ipout = 0mA,trc = min 
Supply Current — 
Standby Isp = 30 KA Vcc=5.9V, CE2 Vcc—0.2V 
Input Leakage Current | Ins | — 10 uA Vin=0 to 5.5V 
Output Leakage Current | Tro | — 10 uA CE=2.2V, Vour=0 to Vec 
Vou 2.4 = V lon= — 205uA 
Output Voltage = 
VoL. = 0.4 V JoL=3.2mA 


Capacitance (Vcc = 5V 10%, Vsg = OV, Ta = 25°C, Vin = OV, f = 1 MHz) 





Item Symbol min max Unit 
Input Capacitance Cin — 10 pF 
Output Capacitance Cout — 15 pF 


Note) This parameter is sampled and not 100% tested. 


AC Electrical Characteristics 
(Veco =5V +10%, Vsg = OV, Ta = 0 to +70°C) 


@ Input Pulse Level ...............000005 0.8 to 2.4V 
@ Input and Output Timing Reference Level.......... 1.5V 
@ Input Rise and Fall Time ..................048. 10ns 
@ Output Load ............... 1 TTL gate +C, = 100pF 


(including jig capacitance) 








Item Symbol min max Unit 
Read Cycle Time tRC 200 ead ns 
Address Access Time taa = 200 ns 
CE Access Time tACE = 200 ns 
Data Setup Time CE tCLz 10 ae ns 
Output Hold Time from Address Change tbHA 0 = ns 
Data Hold Time from CE* 1 tcHz oe 100 . ns 
Output Hold Time CE tpHc 0 es ns 


Note) *1. tcyyz defines the time at which the output goes to the high impedance state and is not referenced to output 
voltage levels. " 


yee. 
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HN62321BP 


Timing Diagram 


Address 


VVYY | 





Notes) 1. The time at which the data output becomes invalid is defined by tpHA °F tpHC. whichever occurs first. 
2. The time at which the data output becomes valid is defined by ta a or tacg, whichever occurs last. 


@ HITACHI 
502 Hitachi America Ltd. © 2210 O’Toole Ave. « San Jose, CA 95131 © (408) 435-8300 


HN62321EP 


131072-word x 8-bit CMOS Mask Programmable Read Only Memory 


The HN62321EP is a 1-Mbit CMOS mask-programmable ROM 
organized as 131072 words by 8 bits. Realizing low power con- 
sumption, this memory is allowed for battery operation. In 
addition, the HN62321EP, which provides large capacity of 1M 
bits, is ideally suited for kanji character generators. 


FEATURES 


= 
@ Single +5V Power Supply 

@® Three-State Data Output for OR-Tieing 

@® TTL Compatible 

@ Maximum Access Time ...............2. 200ns (max.) 
@ Low Power Consumption............... 100mW (typ.) aie 
@ Byte-Wide Data Organization 

® 


OE Access Time ..............20000e- 100ns (max.) Pin Arrangement 


Block Diagram 


3-state 
Output 
Buffer 


Address Memory 
Buffer Array 





Absolute Maximum Ratings (Top View) 
Item Symbol Value Unit 

Supply Voltage * 1 Vcc —0.3 to +7.0 V 

All Input or Output Voltage*1 Vr —0.3 to Vec+0.3 V 

Operating Temperature Range Topr 0 to +70 ¢ 

Storage Temperature Range Tstg —55 to +125 C 

Temperature Under Bias Tbias —20 to +85 Cc 


Note) *1. With respect to Vss. 
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HN62321EP 


Recommended Operating Conditions 
(Vsg = OV, Ta = 0 to +70°C) 


Item Symbol min typ max Unit 
Supply Voltage Vcc 4.5 5.0 5.5 V 


Vin 2.2 _ Vcc +0.3 V 


Input Voltage 
VIL —0.3 = 0.8 V 


DC Electrical Characteristics (Vcc = 5V +10%, Vg = OV, Ta = 0 to +70°C) 


Item Symbol min max Unit Test Condition 
Supply Current Icc = 50 mA Vcc=5.5V,Ipout = 0mA,trc= min 
Input Leakage Current | Tur | _ 10 uA Vin=0 to 5.5V 
Output Leakage Current | Ito | = 10 uA CE= 2.2V, VouT=0 to Vcc 
VoH 2.4 oe V lon = — 205A 


Output Voltage 
VOL a 0.4 V loL=3.2mA 


Capacitance (Voc = 5V +10%, Vsg = OV, Ta = 25°C, Vin = OV, f = 1 MHz) 


Item Symbol min max Unit 
Input Capacitance Cin a 10 pF 
Output Capacitance Cout = 15 pF 


Note) This parameter is sampled and not 100% tested. 


AC Electrical Characteristics 
(Vcc = 5V +10%, Vss = OV, Ta=0 to +70°C) 


@ Input Pulse Level ..................06- 0.8 to 2.4V 
@ Input and Output Timing Reference Level.......... 1.5V 
@ Input Rise and Fall Time ..................0.4. 10ns 
@ Output Load ............... 1 TTL gate + C, = 100pF 
(including jig capacitance) 
Item Symbol min max Unit 
Read Cycle Time tRC 200 — ns 
Address Access Time taa a 200 ns 
CE Access Time toe <s 100 ns 
Data Setup Time OE tCLz 10 = ns 
Output Hold Time from Address Change tDHA 0 = ns 
Data Hold Time from OE *1 toHz — 100 ns 
Output Hold Time OE tpHO 0 _ ns 


Note) *1. toprz defines the time at which the output goes to the high impedance state and is not referenced to output 
voltage levels. 
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HN62321EP 


Timing Diagram 





Address 


High Z 





ae 
Wy 


[ 


Notes) 1. The time at which the data output becomes invalid is defined by tpya Of tpHO, whichever occurs first. 
2. The time at which the data output becomes valid is defined by ta, or tog, whichever occurs last. 
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HN624 12P 


131072-word x 16-bit/262144-word x 8-bit CMOS Mask Programmable Read Only Memory 


The HN62412P is a 2-Mbit CMOS mask-programmable ROM 
organized either as 131072 words by 16 bits or as 262144 words 
by 8 bits. Realizing low power consumption, this memory is 
allowed for battery operation. In addition, the HN62412P, 
which provides large capacity of 2M bits, is ideally suited for 
kanji character generators. 


Features 
@ Single +5V Power Supply 





@ Three-State Data Output for OR-Tieing 
@ TTL Comatible 
@ Maximum Access time: 200ns (max.) ee 
@ Low Power Consumption: ............ 100mW (typ.) active 
5uW (typ.) standby 
@® Byte-Wide or Word-Wide Data Organization with BHE 


Block Diagram 


3-state 
Output 
Buffer 


Address Memory 
Buffer Array 





(Top View) 





Absolute Maximum Ratings 
; BHE = Vyq;; 16-bit (D15 — DO) 
Item Symbol Value Unit BHE = Vj1,; 8-bit (D7 — DO) 


7 = When BHE is ‘low’, D14 — D8 


All Input or Output Voltage*1 Vr —0.3 to Vec+0.3 V goes the high impedance state. 
Operating Temperature Range Topr 0 to +70 Cc 
Storage Temperature Range Tstg —55 to +125 Cc 
Temperature Under Bias Tbias —20 to +85 Cc 
Note) *1. With respect to Vss. 
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HN62412P 


Recommended Operating Conditions 
(Vgg = OV, Ta = 0 to +70°C) 











Item Symbol! min typ max Unit 
Supply Voltage Vcc 4.5 5.0 55 V 
VIH 2.2 — Vcc t+0.3 V 


Input Voltage 
‘ VIL —0.3 ce 0.8 V 





DC Electrical Characteristics (Voc = 5V +10%, Vg = OV, Ta = 0 to +70°C) 














Item Symbol min max Unit Test Condition 
Active Icc = 50 mA Vcc=5.5V,Ipout =0mA,trRc=min 
Supply Current —= 
Standby Isp — 30 uA Vcc=5.5V, CE2 Vcc—0.2V 
Input Leakage Current | Tur | — 10 uA Vin=0 to 5.5V 
Output Leakage Current | Ino| — 10 uA CE=2.2V, Vour=0 to Vcc 
Vou 2.4 = V Ion = —205uA 
Output Voltage 
VoL ane 0.4 V IoL=1.6mA 





Capacitance (Vcc = 5V +10%, Vg = OV, Ta = 25°C, Vin = OV, f = 1 MHz) 


Item Symbol min max Unit 
Input Capacitance Cin a 15 pF 
Output Capacitance Cout a 15 pF 


Note) This parameter is sampled and not 100% tested. 


AC Electrical Characteristics 
(Veco = 5V +10%, Vgg = OV, Ta = 0 to +70°C) 


@ {Input Pulse Level ..........0.0.0...0..... 0.8 to2.4V 
@ input and Output Timing Reference Level.......... 1.5V 
@ Input Rise and Falltime ..................0.0. 10ns 
@® Output Load ............... 1 TTL gate + C, = 100pF 
(including jig capacitance) 
Item Symbol min max Unit 
Read Cycle Time tRC 200 eis ns 
Address Access Time taa = 200 ns 
CE Access Time tacE = 200 ns 
OE Access Time toE oa 70 ns 
BHE Access Time tBHE = 200 ns 
Output Hold Time from Address Change tDHA 0 = ns 
Output Hold Time from CE tDHC 0 == ns 
Output Hold Time from OE tDHO 0 ce ns 
Output Hold Time from BHE tDHB 0 = ns 
Data Hold Time from CE tcHz * = 70 ns 
Data Hold Time from OE * * toHz * ae 70 ns 
Data Hold Time from BHE tBHz * sae 70 ns 
Data Setup Time from CE tcLz 10 ema ns 
Data Setup Time from OE toLz 10 = ns 
Data Setup Time from BHE tBLZ 10 = ns - 


Note) *1. tcyHz and toyz and tpy7z define the time at which the output goes to the high impedance state and is not 
referenced to output voltage levels. 
*2, In the case of OF pin being non-connected, this item is not applied. 
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HN62412P 


Timing Diagram 
Word Mode (BHE = V;,;) or Byte Mode (BHE = V)_) 





Address 


ae XX / at High Z 
. AA / Valid Dat MY . 


XW 
N04 \ KK 
Notes) 1. The time at which the data output becomes invalid is defined by topHA, tpHc °F tpHO. whichever occurs. 
first. 


2. The time at which the data output becomes valid is defined by taA, taCE ©! toH) whichever occurs last. 
3. The time at which the data output becomes invalid from the high impedance state is defined by tcy,z Or toyz, 
whichever occurs last. 


Word Mode, Byte Mode Switch 


High Z 


/ \) 


XXX 
ONO eee 


MWA | 


ARR 
Rint 
Wh 


f XYKKKKKY YX 
RYN 


MA 


Valid Data 


MAA AA? 
WY Ws 


f 
IVY ' 


Notes) 1. CE, OE/OE is enable, A16 — AO is valid. 
2. If BHE is high and CE, OE is enable D15/A-1 pin is in the output state. 
Therefore, the input signals of opposite phase to the outputs must not be applied to them. 


Valid Data 
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HN62404P 


262144-word x 16-bit/524288-word x 8-bit CMOS Mask Programmable Read Only Memory 


The HN62404P is a 4-Mbit CMOS mask-programmable ROM 
organized either as 262144 words by 16 bits or as 524288 words 
by 8 bits. Realizing low power consumption, this memory is 
allowed for battery operation. In addition, the HN62404P, 
which provides large capacity of 4M bits, is ideally suited for 
kanji character generators. 


Features 


@ Single +5V Power Supply 


@ Three-State Data Output for OR-Tieing 

@ TTL Compatible 

@ Maximum Access Time: 200ns (max.) 

@ Low Power Consumption .......... 100mW (typ.) active 
5uW (typ.) standby 

@ Byte-wide or Word-wide Data Organization with Bye 


Block Diagram 


Address Memory 
Buffer Array 


Absolute Maximum Ratings 


Item Symbol Value Unit 
Supply Voltage * 1 Vcc —0.3 to +7.0 V 
All Input or Output Voltage*1 Vr —0.3 to Vec+0.3 V 
Operating Temperature Range Topr 0 to +70 Cc 
Storage Temperature Range Tstg —55 to +125 Cc 
Temperature Under Bias Tbias —20 to +85 °C 


Note) *1. With respect to Vss. 


© HITACHI 





(Top View) 





BHE = Vyq;; 16-bit (D15 — DO) 
BHE = V],; 8-bit (D7 — DO) 
* A-1 is least significant a 


When BHE is ‘low’, D14 —D 
goes the high impedance state. 
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HN62404P 


Recommended Operating Conditions 
(Vgg = OV, Ta = 0 to +70°C) 











Item Symbol min typ max Unit 
Supply Voltage Vcc 4.5 5.0 55 V 
Vin 2.2 = Vcc+0.3 Vv 


Input Voltage 
. : VIL —0.3 —_ 0.8 V 





DC Electrical Characteristics (Voc = 5V +10%, Vgg = OV, Ta = 0 to +70°C) 


Item Symbol min max Unit Test Condition 
Active Icc —_— 50 mA Vcc=5.5V,IpbouT=0mA,trc= min 
Supply Current =n 
Standby Isp = 30 uA Vcc=5.5V, CE2 Vcc—0.2V 
Input Leakage Current | Int | — 10 nA Vin=0 to 5.5V 
Output Leakage Current | ILo| — 10 nA CE=22V, Vout=0 to Vcc 
VoH 2.4 — V lon = —205nA 
Output Voltage 
VoL = 0.4 Vv IoL=1.6mA. 


Capacitance (Vcc = 5V +10%, Vgg = OV, Ta = 25°C, Vin = OV, f = 1 MHz) 


Item Symbol min max Unit 
Input Capacitance Cin — 15 pF 
Output Capacitance Cout ae 15 pF 


Note) This parameter is sampled and not 100% tested. 


AC Electrical Characteristics 
(Voc = 5V 10%, Vsg = OV, Ta =0 to +70°C) 


@ Input Pulse Level ................0 000% 0.8 to 2.4V 
@ Input and Output Timing Reference Level.......... 1.5V 
@ Input Rise and Fall Time ............... 0000s 10ns 
@ Output Load ............ ... 1 TTL gate +C, = 100pF 


(including jig capacitance) 


© HITACHI 
510 Hitachi America Ltd. ¢ 2210 O’Toole Ave. « San Jose, CA 95131 © (408) 435-8300 


HN62404P 


Item Symbol min max Unit 
Read Cycle Time tRC 200 — ns 
Address Access Time tAA = 200 ns 
CE Access Time tAcE = 200 ns 
OE Access Time toE =A 70 ns 
BHE Access Time tBHE = 200 ns 
Output Hold Time from Address Change tDHA 0 =; ns 
Output Hold Time from CE tpHC 0 a ns 
Output Hold Time from OE tDHO 0 = ns 
Output Hold Time from BHE tDHB 0 = ns 
Data Hold Time from CE tcHz * a 70 ns 
Data Hold Time from OE * * toHz * = 70 ns 
Data Hold Time from BHE tBHz * oe 70 ns _ 
Data Setup Time from CE EGEZ 10 sii ns 
Data Setup Time from OE tOLz 10 — ns 
Data Setup Time from BHE tBLZ 10 a ns 


Note) *1. tcyz and toyz and tpyz define the time at which the output goes to the high impedance state and is not 


referenced to output voltage levels. 
*2. In the case of OE pin being non-connected, this item is not applied. 


Timing Diagram 
(1) Word Mode (BHE = ‘V,,,’) or Byte Mode (BHE = ‘V,, ’) 


tre 


Address 


* DHA 


CE 
toe | 
OE | 


ce UK Y/ 
Dout YOXXKAA 












High Z 


Notes) 1. Bs time at which the data output becomes invalid is defined by toy 4, tpHc Or tpHo, whichever occurs 
irst. 
2. The time at which the data output becomes valid is defined by taA, tacE OF tor, whichever occurs last. 
3. The time at which the data output becomes invalid from the high impedance state is defined by tc,z or 
toyz, whichever occurs last. 
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HN62404P 


(2) Word Mode, Byte Mode Switch 


TR 


| ' 
Atal: 


OY. 
NO ee 


\ NA NA [\V\ | 
NAXXNA 


' _ ARV 
\) Wy 


Ha [Ra 


Notes) 1. CE, OE/OE is enable A17 — AO is valid. 
2. If BHE is high and CE, OE is enable D15/A-1 pin is in the output state. 
Therefore, the input signals of opposite phase to the outputs must not be applied to them. 


R 


wi 


MA WW 


WAX 


Valid Data 
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FEPROM, EPROM, OTPROM 
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HNSSOG4 Series 


8192-word x 8-bit Electrically Erasable and Programmable ROM. 


® FEATURES 

@ Single 5V Supply 

@ Address, Data, CE, OE Latches 

@ Byte Erase / Byte Write Time........ 10 ms typ. 

@ Chip Erase Time............ "....20ms typ. 

@ Fast Access Time...............4. 250/300ns max. 

@ Low Power Dissipation............ 300mW typ. (Active) 





ee ee eee 125mW typ. (Standby) 
Comforms to JEDEC Byte-Wide Standard 
Reliable N-channel MNOS Technology (DP-28) | 


@ 10000 Erase/Write Cycles = PIN ARRANGEMENT 


ORDERING INFORMATION 


Access Time 


250ns 
300ns 














Package 


600 mil 28 pin Plastic 
DIP 





HN58064P-25 
HN58064P-30 





# BLOCK DIAGRAM 


Vee O High Voltage 1/00 ~ 1/07 
V,, 0 Generator ° . 


1/O Buffer 
and 
Erase, Write, Powerdown 
Control Logic 7. 
bre] 















Input Latch 








7 ieee (Top View) 
oie Areay 
\ (256X256) AO — A12 Address Input 
AO 1/00 — 1/07 Data in / Data out 
OE Output Enable 
CE Chip Enable 
= MODE SELECTION WE Write Enable 
(20) OE (22) WE ( 27)} YO (Al~13, 15~19) Vec Power (+5V) 
MODE - enD 
ss 
Read Dout 
| rf a See 
X: Vizy or Viz 
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HN58064 Series 


# ABSOLUTE MAXIMUM RATINGS 


Supply Voltage*! Voc -0.6 to +7.0 V 
Input Voltage *1 Vin ~0.6 to +7.0 V 


Operating : 
Storage : 
Temperature Range Totg —55 to +125 C 


Note) *1. With Respect to Vsg 


= RECOMMENDED DC OPERATING CONDITIONS 


Item Symbol typ Unit 


pale aae aa WO ee 
nput Volta 
Operating ° 


= DC AND OPERATING CHARACTERISTICS (7a = 0 to 70°C, Voc = 5V +10%) 


Parameter Symbol Test Condition max Unit 


-- 
< 
cc 


Input Leakage Current Ip] Vcc =5.5V, Vin =5.5V 


Vcc = 5.5V, Voyt = 5.5/0.4V 


CE = Viv 
CE = Viz, 


oO 
= 
> 


Output Leakage Current 


i) 
‘= 
> 


Lo.) 


Vcc Current (Standby) Icc1 


Input Low Voltage 
Input High Voltage 


ILO 

Vcc Current (Active) focn | CE=Vn 
{| en 

a ee 

Output Low Voltage VOL 


Vv 

2.0 Vcctrl V 

; 
2.4 Vv 


3 
> 


Output High Voltage VoH | JoH=-—400 uA 


@ CAPACITANCE (7a = 25°C, f = 1MHz) 










Parameter 






Input Capacitance 






Output Capacitance 


# AC TEST CONDITIONS 


input Pulse Levels: 0.4V to 2.4V 
Input Rise and Fall Time: S$ 20ns 
Output Load: 1TTL Gate + 100pF 


Reference Level for Measuring Timing: 0.8V and 2.0V 
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HN58064 Series 


w AC CHARACTERISTICS (7, =0 to +70°C, Voc = 5V + 10%) 
@ READ OPERATION 


" ee pateonae HNS5S8064P-25 HN5 8064-30 if 
arameter ymbo est Condition nit 


Address to Output Delay CE = OF = V7, WE = Vi ns 
CE to Output Delay tce | OE 
OE to Output Delay tog | CE=Vy7,, WE= Vin | 100 | 150 ns 


| = | ons 
| 130 | as 


Address to Output Hold CE = OE = V7, WE = Vi 
OE High to Output Float tof | CE=Vyzzy, WE= Vig 


min, min | 
| - | ee 
= Vy, WE= Vix | - | 250 | - | 300 ns 
marae 
Loe 4 
ee Co. 


@ WAVE FORM coccccccccccsecsseeses READ CYCLE 


) 
tou 
: -- 

oar lee 
WE High 


Ss 
iS 


Wt 


A Data Out Valid : 
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HN58064 Series 


® BYTE ERASE AND BYTE WRITE OPERATION 


@ WAVE FORM ...00.........cccseesceeeeene ERASE AND WRITE CYCLE 


\ BXXX KKK 
2 See 
Address OO 
rg CD Soo 


ae 
Edict ES ee an EH 
aad aan 
!Note 1) 


F Data in 
Data Stable 


Notes) 1. CE or OE should be ‘‘1” and in Standby Mode or Deselect Mode before Write/Erase operation. 
2. 1/0, to 1/0, must be “1” in Byte Erase. 
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HN58064 Series 


© CHIP ERASE OPERATION | 


Werte wists | rware[ | 18 [20] 35] ms 
@ WAVE FORM ..........ccccccsccccceessersees CHIP ERASE | 
(Note 3) 
a LLL 
'\ A 
(Note 3) 


(WEH 


D. to 


(Note 4) 


if 


Data Data in Stable 


Notes) 3. CE or OE should be “1” and in Standby Mode or Deselect Mode before Chip Erase operation. 
4, 1/0, to1I/O, must be “1” in Chip Erase operation. 


5. Don’t Care about Address. 
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HN58064 Series 


@ CHIP ERASE OPERATION II 


Parameter Symbol Test Condition 


CE Hold Time 
OE Setup Time 
OE Hold Time 
WE Setup Time 
WE Pulse Width 
WE High Time 
Data Setup Time 
Data Hold Time 


@ WAVE FORM 


ax 


~* 

Ne 
: 

3 


nN 
1) 


'CEH 
‘OES 
'OEH 


'WEH 


| min | 
ry es 
ae es 
rs 
cece ee eral ees Od 
i es SS 
P1000 
Ce ers eS 
2 i 8! 
ee CHIP ERASE 1 


~ fa 


«= S| 77 


(Note 6) 


Data 


tOEH 
(WEH 


| 


oe en INS 


tos (DH 


Data in Stable 


Notes) 6. 1/00 ~ 7 must be “1” in Chip Erase Operation. 
7. Don’t Care about Address. 
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Unit 
ns 
ns 
ns 


ns 
ns 


ns 


ns 
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HN5SScE65 Series — ———_- 


8192-word x 8-bit Electrically Erasable and Programmable CMOS ROM 


@ FEATURES HNS8C65P Series 
@® Single 5V Supply 
@ On Chip Latches; Address, Data, CE, OE, WE 
@ Automatic Byte Write ..... 10ms typ. 
@ Automatic Page Write 
(32byte) ........ 10ms typ. 
@ Fast Access Time ........ 250ns max. 
@ Low Power Dissipation . .. 20mW/MHz typ. (Active) 
| —,.. 2mW typ. (Standby) 
@ Data Polling and Ready/Busy | 
@ Data Protection Circuity on Power On/Power Off (DP-28) 
® Conforms to JEDEC Byte-Wide Standard ; 
@ Reliable CMOS with MNOS Cell Technology f nperen sere 
© 


10000 Erase/Write Cycles and 10 year Data Retention 


mw ORDERING INFORMATION 








Access Time Package 


600 mil 28 pin Plastic DIP 
28 pin Plastic SOP 











HNS58C65SP-25 
HNS8C65FP-25T 












(FP-28DA) 
= BLOCK DIAGRAM 


= PINARRANGEMENT 


Vcc O—> High Voltage 1/00 1/07 
: enerator O ———— 
Vss O—> RDY/Busy 





| Vcc 
OE O—1 1/O Buttes Al2 WE 
CEQ Control Logic and Input Latch A7 NC 
We | as As 
A5 A9 
fbi poe] & " 
. as - 
A4 
Buffer’ | A2 A10 
7 Latch Al CE 
fam neces ime ree AQ l/ O7 
: | 00 1/06 
Al2 © /Ol 1/05 
j 1/02 1/04 
1/03 





Vss 


m PIN DESCRIPTION 


AO —A12 | Address Input 
I/O1 — 1/O7| Data In/Data Out 
OE Output Enable 
CE | Chip Enable 
WE Write Enable 
RDY/Busy | Ready/Busy 
Vcc Power (+5V) 
Vss GND 
NC No Connect 
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m MODE SELECTION 


MODE =| & 


60) 


OE WE RDY/Busy 
(22) ea (1) 


Standby 5 HighZ Z 
Write a ran | Ye 
ae a 


Data Polling 


XN 
be 
™ 


Note) 
® ABSOLUTE MAXIMUM RATINGS 


x: Vin Or Vin 


em Ua 
Input Voltage”! -0.5 3 to +7.0 Vv 
Operating Temperature Range 0 to +70 : 


Storage Temperature Range 


C 
—55 to +125 “C 
T stg 
Notes) *1. With respect to Vgg. 


*2. ~3.0V for pulse width S 50ns. 
® RECOMMENDED DC OPERATING CONDITIONS 


| a ae 
oo v 


= DC AND OPERATING CHARACTERISTICS ee to +70°C, Voc =5Vt1 oP 


Parameter | Symbol [Test Condition 


ee 5.5V 
Vin =§ 5V 


Voc =5.5V 
Vout = 5.5/0.4V 


| Symbol | 


Input Leakage Current 


Output Leakage Current 


Input Low Voltage 


Voc Current (Standby) Icc1 CE = Viz 
sout-6 OmA, duty=100%, 
: cycle 
Vcc Current (Active) Ic¢c2 iguanas duty=100% 


Input High Voltage 

Output Low Voltage 

Output High Voltage 
Note) *1. -1.0V for pulse width 2 ia 


Ton = -400pA 


@ CAPACITANCE (7, =25°C, f= 1MHz) 


Parameter 












Input Capacitance 


Output Capacitance 
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s 


— 


HN58C65 Series 


I/O 
(11 ~ 13,15 - 19) 


Dout 
High Z 
Din 
High Z 


Data Out (1/07) 


a Unit 


3 


—) 
3 
> 


pA 


to 
wv 
= 

> 


Voectl 





Unit 
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HN58C65 Series 


@ AC CHARACTERISTICS (7,=0 to +70°C, Voc=5V+ 10%) 
®@ AC Test Conditions 


Input Pulse Levels: 0.40V to 2.4V 
Input Rise and Fall Time: < 20ns 
Output Load: 1TTL Gate + 100pF 


Reference Levels for Measuring Timing Inputs Outputs: 0.8V and 2V 


@ Read Operation 


; wore ane oe 
ee ie | min max. | 
WE Voy oe p= fas 
Address to Output Dela t prem ns 
: : WEE 
E= Vu S| 0 | 


50 
CE to Output Delay tCE 50 
100 


2 
2 
OE to Output Delay tor ve S| 100 ns 
Address to Output Hold toH Wier, VIL Pp ee ns 
aes 


ns 


OE High to Output Float tor ns 





- a 
tDF 
ne im 


W114, , NN 
- i <7 
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HN58C65 Series 


@ Byte Erase and Byte Write Operation (WE Controlled Write Cycle) 





Address Setup Time tas ae ns 
CE to Write Setup Time a. (oo = Te 
Write Pusle Width hee 20 | - | - | oo 
Address Hold Time ae ee ee ee 
Data Setup Time tos 100 Po fe ns 
OE to Write Setup Time | toes | 0 | - [| - | ns 
Data Latch Time to. | loo | - | = | ns 
Time to Device Busy tpB 120 a eae ns 


ce SSG i 





= QQ" NN 


RDY Busy 
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HN58C65 Series 


@ Byte Erase and Byte Write Operation (CE Controlled Write Cycle) 


Parameter | Symbol =| min. | typ. | omax. Unit 
Address Setup Time tas i ae ns 
CE to Write Setup Time tos a ns 
Address Hold Time re ee ee 
Data Setup Time tos 100 Fo = of l= ns 
Data Hold Time ton ee ae ee oe es ns 
GE to Write Setup Time | toss. |.0 | - | - |= 


: ens 
SM QAAY LAL. 


= 
ca 





= yp” NA 
Din : a. 


RDY/Busy 
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HN58C65 Series 


@ Page Erase and Page Write Operation (WE Controlled Write Cycle) 


Parameter | Symbol =| min. | typ. | max. Unit 
Address Setup Time tas a a ns 
CE to Write Setup Time tos i a eee ee ns 
Write Pusle Width twp 20 =| - | - | as 
Address Hold Time CAH 150 Po fe ns 
Data Setup Time tps | 100 | = ns 
OE to Write Setup Time | toss {| 0 | - | - | ns 
Time to Device Busy tpB 120 po fe ns 
Write Cycle Time twe ee a ee oe ms 
Byte Load Window tBr | 30 | =] 00s MS 
ose KAS AL 
AO to A4 


~~ 


mai 


O 
as 
| 


A\ \\ A\_A\_A\ AWW 


vw. He Y\\ 
\f 


tOEH 


Woy Wy vy NW 


i tDH 
De Che 03 0b 2c) 


| top 


RDY/Busy : : 
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= 





HN58C65 Serie 


© Page Erase and Page Write Operation (CE Controlled Write Cycle) 


Parameter Symbol | min. =| typ. | max. Unit 
Address Setup Time tas ar ae ns 





Data Latch Time ns 


v 
by 
_— 
é 
© 


Time to Device Busy ns 


— 


ms 


CE to Write Setup Time tos ns 

CE Pulse Width tow 200 — ns 

Address Hold Time on 150 | = fons 

Data Setup Time tos 100 a ns —_ 

Data Hold Time tpH ee | ns ; 

CE Hold Time toH a Sa ns 

OE to Write Setup Time i Oe ae ns 

OE Hold Time a ee p= fs 
Pee 
eee 


Write Cycle Time 
Byte Load Window 


Byte Load Cycle ‘BLC 


— 
jon) 
fon) 

= 
A 


wie lS ib igi 
B16 hm Pe je 
T 1H 
; 
ram) 
oO 


Wy. 
: 
_~ 
7 


Address 
A5 to Al2 


7 
Address , : 
AO to A4 


tBLC 


a alk K\,A\_A\_A\ AXN 
I IN ANY 


tDH 


x 
Z 


WW AY AA 


RDY/Busy 
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Din 








HN58C65 Series 


@ Automatic Page Write 

Page-mode write feature allows | to 32 bytes of data to be written into the EEPROM in a single write cycle. 
Following the initial byte cycle, an additional 1 to 31 bytes can be written in the same manner as the first 
byte was written. Each additional byte load cycle must be started within 30us of the preceding rising edge 
of the WE. 


@ Data Polling 
Data polling allows comparison operation to determine the status of the EEPROM. During a write cycle, an 
attempted read of the last byte written in the EEPROM results in the complement data of that byte at I/O7. 


®@ Ready/Busy Signal 

RDY/Busy signal also allows to determine the status of the EEPROM, RDY/Busy signal has high impedance 
except in a write cycle and is lowered to Vg, after the first write signal. At the end of a write cycle, RDY/ 
Busy signal changes its state to high impedance. 





@ WE, CE Pins Operation 
During a write cycle, addresses are latched on the falling edge of WE or CE: data are latched on the rising 
edge of WE or CE. 


@ Data Protection 


To protect the data during operation and turning on/off, HN58C65 internally provides the following 
function. 


1. Data Protection against the Noise on Control Pins (CE, OE, WE) during Operation 


During reading out or standby, the noise on 

control pins may become trigger and _ turn WE 

EEPROM to program mode by error. 5V 
To prevent this phenomenon, HN58C65 has the 
noise cancell function of cutting the noise if its | 
width is 20ns or less in program mode. | 
Care should be taken not to exist the noise whose ! e 


width is more than 20ns on control pins. 
mens y | w—— ov 


bw—— 20ns max. 
t 





ov 


i= 
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HN58C65 Series 


2. Data Protection on Turning On/Off the Voc 


2-1 Prevention of unintentional programming on 
turning on/off the Voc 


On turning on/off Vcc, the noise on control pins 
generated by outer circuits (CPU, etc) may be- 
come trigger and turn the EEPROM to program 
mode by error. To prevent this unintentional 
programming, the EEPROM should be kept 
in unprogrammable state while CPU is in unstable 
state. 


In addition, on turning on/off Voc, the input level 
on control pins should be held as shown in the 
table below. 


X: Don’t care. 





2-2 Specifications of tr min. for Voc 


On turning on Vcc, if tr for VCC is shorter than 
lus, the EEPROM turns into program mode 
regardless of the input level on control pins and 
results in data destruction. 

Since the actual minimum value of tr for proper operation is about lus, to take into account the timing 
margin, please keep tr longer than 10uys. 
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HN27128AG Series 


16384-word X 8-bit UV Erasable and Programmable ROM 


The HN27128AG is a 16384-word by 8-bit erasable and electrically 
programmable ROM. This device is packaged in a 28-pin, dual-in-line 
package with transparent window. The transparent window allows 
the user to expose the chip to ultraviolet light to erase the bit pat- 
tern, whereby a new pattern can then be written into the device. 


= FEATURES 
@ Single Power Supply ........ +5V +5% 
@ High Performance.......... Program Voltage: +12.5V D.C. 
Programming High Performance Programming 
Operations 
@ <Static- aes Ae eee Sees No Clocks Required 


@ Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 


@® Access Time ............ . 170/200/250/300ns(max.) 
@ Absolute Max. Ratingof ..... 14.0V Max. 
VPP pin 
@ Low Stand-by Current....... 35mA Max. (stand-by) 
@ Device Identifier Mode ...... Manufacturer Code and Device 
Code 


m ORDERING INFORMATION 


Access Time 










HN27128AG-17 
HN27128AG-20 
HN27128AG-25 
HN27128AG-30 


600 mil 28 pin Cerdip 





(Top View) 





es BLOCK DIAGRAM 
OUTPUT 


POWERDOWN & 
PROGRAM LOGIC 
BUFFERS 
__ Ep em 


X DECODER 7 











131072 bit 
MEMORY MATRIX 






A5-A9 
Al1-Al3 
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HN27128AG Series 


= MODE SELECTION 


OE PGM Vpp Vcc Outputs 
MODE re <7 —s a (1) (28) (11 — 13,15 — 19) 





High Performance Program Vin X Vin Vpp Voc Din 
Program Verify Viz Vin Vin Vpp Voc Dout 
Program Inhibit Ving Xx Xx Xx Vpp Voc High Z 
Identifier Vin Vin Vin Voc Voc Code 
Note) *1. X...Don’t care 
*2. Vi =12.0V +0.5V 
® ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Range “ 
Storage Temperature Range aC 
Storage Temperature Range Under Bias °C 
Voltage on Pin 24 (A9)"! Vip -—0.6 to +13.5 Vv 
’ All Input and Output Voltages! V 
Vv 


Vcc Voltage"! Voc ~0.6 to +7 
Note) *1. With respect to Veg 


® READ OPERATION 
® DC AND OPERATING CHARACTERISTICS (7, = 0 to 70°C, Voc = 5V 45%, Vpp = Com 


Input Leakage Current 7 a ee 
Output Leakage Current eS eee Ese 
re ia ea 

Oro ve 

Lee 

ee 


t Unit 


< 
ao) 


~ 
© 
3 
a 
5 
3 
> 


Input Low voltage ott 
Vior=Bima 
Notes) *1. -0.6V for pulse width S 20ns 


*2. Voc + 1.5V for pulse width S 20ns. If Vz is over the specified maximum value, read operation cannot be 
guaranteed. 


Input High Voltage 
Output Low Voltage 


_ 
Q 
i) 
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HN27128AG Series 


@ AC CHARACTERISTICS (7, = 0 to +70°C, Vcc=5V + 5%, Vpp = Vcc) 


HN27128AG-17|/HN27128AG-20|/HN27128AG-25|HN27128AG-30 


Parameter Symbol 





min. [ max. | min. [ max. | min. | max. | min, | max, | 
Address to Output Delay| t4cc | — | 170 | - | 200 | - | 250 | - | 300 | as 
CE to Output Delay [470 |_| 300- |= 350 [300 [ns 
OE to Output Delay tOE ee he Se ee ae 100 Lee © 120 | ns 
OE High Output Float _| «pF Po [ss fo [ss [0 | 60 | 0 | 105 [ns 


Note: tpF defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 


® SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: S 20ns 

Output Load: 1 TTL Gate +100pF 

Reference Level for Measuring Timing: 0.8V and 2.0V 


CE Stand-by Mode Stand-by Mode 
Active Mode 
OE 
— ae 
Data Out weet Data Out Valid >> 


@ CAPACITANCE (7, = 25°C, f= 1MHz) 


F 


C6 pe 
; 
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HN27128AG Series ° 


® HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Programming algorithm shown in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration 
in reliability of programmed data. 


START 


SET PROG./VERIFY MODE 
V pp = 12.5+0.3V, Voc = 6.040.25V 


Address = 0 







NO 


ntl—-n 







Program tpy = lms +5% YES 


na 


Program topwy = 3n ms 










Address+1 — Address 





LAST 
Address? 


SET READ MODE 
Veco = 5.0V+0.25V, V pp oe Vec 







READ 
All Address 


GO 


END FAIL 


High Performance Programming Flowchart 
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HN271 28AG Series 


# HIGH PERFORMANCE PROGRAMMING OPERATION 


@ DC PROGRAMMING CHARACTERISTICS (7, = 25°C +5°C, Voc = = 6V+0.25V, Vpp 


Parameter 
Input Leakage Current 
Output Low Voltage During Verify 
Output High Voltage During Verify 
Voc Current (Active) 
Input Low Level 
Input High Level 
V pp Supply Current 


Notes) *1. -6.0V for pulse width < 20ns. 


5V 


il 
—_— 
bo 


< 


I+ 
fa) 
WW 
< 
— 


[Fest Gondiion | min. [ op 
Vv=8asv 
Tou =2ima | 
Ton 400A [24 
a 
cor 


eee 
Soe 
eE=Paw= ve [ 


2 mbol 
0.45 
100 


3 
> 


oa 


S 
8 
S 
C 
<|< 


ie 50 


3 
> 


*2. If Vyy is over the specified maximum value, programming operation cannot be guaranteed. 


© AC PROGRAMMING CHARACTERISTICS (T, = 25°C +5°C, Veg = 6V £0.25V, Vpp = 12.5V 


Parameter 
Address Setup Time 
OE Setup Time 
Data Setup Time 
Address Hold Time 
Data Hold Time 
OE to Output Float Delay 
V pp Setup Time 
Vcc Setup Time 
PGM Pulse Width During Initial Programming 
PGM Pulse Width During Overprogramming 
CE Setup Time 
Data Valid from OE 


Notes) *1. 


I+ 
=) 
wW 
< 
— 


FesSiamboh i] ess Conditions 2) oie: “ym | as Vat 
5k ae Hs ER Hs 
| toes | CE tT Ts 
ie save ty ee oe ee 
ae rn ee ee ee 
ie? oe ns ieee ee 
ie ne ee ee et 
pitves {| dT eT = T= ls 
i er ie ie ee Ms 
aes eee Ee ea 
Ttorw? | id 2s 28.08 | 
| toes | ts 
pitoe | = = | 150 os 


tpr defines the time at which the output achieves the open circuit condition and data is no longer driven. 


*2. topy is defined as mentioned in flow chart. 


Hitachi America Ltd. 
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HN27128AG Series 


@ SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Level: 0.45V to 2.4V 

Input Rise and Fall Time: S 20ns 

Reference Level for Measuring Timing: 0.8V and 2.0V 


Program Program Verify 


Data aw 


et 


V pp 
Vee VPS 
ae Trin 
~ ennai 


: EET 
= ERASE 


Erasure of HN27128AG is performed by exposure to ultraviolet light of 2537A and all the output data are 


changed to ‘'1" after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure 
time) for erasure is 15 W.sec/cm?. 


@ DEVICE IDENTIFIER MODE 

The Identifier Mode allows the reading out of binary codes that identify manufacturer and type of device, 
from outputs of EPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 


@® HN27128AG SERIES IDENTIFIER CODE 


0, O, 


mai eet UTE ae 2 Oe ee ae Se ee 
, 2 i DS a Be 










Device Code 


Notes: 1. A, =12.0V+0.5V 
2. A. — Ag, Ayo ~ Ags, CE: , OE = V7z7,, PGM = V7. 
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Supply Current lec «mA» 


Address Access Time lace ‘ns: 








SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 


i 
Supply Volrage Veo oVi 
ADDRESS ACCESS TIME VS. 
SUPPLY VOLTAGE 
- 
g 
i 
Supply Voltage Vcc (V) 
@ HITACHI 


HN27128AG Series 


SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 





Ambient Temperature Tut C) 


ADDRESS ACCESS TIME VS. 
AMBIENT TEMPERATURE 





Ambient Temperature Ta «‘C) 
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HN27128AP Series 


16384-word x 8-bit One Time Electrically Programmable 
Read Only Memory 


The HN27128AP is a 16384-word by 8-bit one time electrically 
programmable ROM. Initially, all bits of the HN27128AP are in the 
“1 state (Output High). Data is introduced by selectively pro- 
gramming ‘‘0”’ into the desired bit locations. This device is packaged 
in a 28 pin, plastic dual-in-line package. Therefore, this device can 
not be re-written. 





= FEATURES Pr 
@ Single Power Supply ........ +5V +5% 
@ High Performance.......... Program Voltage: +12.5V D.C. 
Programmin High Performance Programmin 
: eae ck : : = PIN ARRANGEMENT 
© (Static: on Ge ee Se oes No Clocks Required 


@ Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 


@ Access Time ............. . 200/250ns (max.) 
@ Absolute Max. Ratingof ..... 14.0V Max. 
Vpp pin 
@ Low Standby Current ....... 35mA Max. (stand-by) 
@ Device Identifier Mode ...... Manufacturer Code and Device 
Code 


» BLOCK DIAGRAM 


OUTPUT 
BUFFERS 





(Top View) 


Al10 Y DECODER Y GATING 


. 131072 bit 
A5-A9 
Al1-A13 X DECODER MEMORY MATRIX 
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HN27128AP Series 


m MODE SELECTION 











MODE (27) (24) (1) (28) (11 — 13,15 — 19) 
Read Viz x Dout 
Output Disable Ving x Voc High Z 
Standby x x High Z 
High Performance Program Viz x Vpp Din 
Program Inhibit xX High Z 
Identifier Ving Code 
Notes)*1. X...Don’t care 
*2. Viz =12.0V 40.5V 
= ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Range gC 
Storage Temperature Range °C 
Storage Temperature Range Under Bias °C 
All Input and Output Voltages"! V 
Voc Voltage" Voc v 


Note) *1. With respect to Vg 


= READ OPERATION 
@ DC AND OPERATING CHARACTERISTICS (7, =0 to +70°C, Voc = 5V +5%, Vpp = Vcc) 


Parameter Symbol Test Conditions 
Input Leakage Current Vin = 5.25V 


I 
Output Leakage Current I Vout = 5-25V/0.45V 
V pp Current Ipp1 V pp = 5.25V 


Unit 


- 
< 
ao) 


S 
Pile | sls 3 
ey a ° nlo|o| x 
N} 
=| 
> 


: 
> 


= 
> 


Ww 
~r 
= 

> 


Vcc Current (Active) loc CE = OF = Viz, 


0 


Input Low voltage 


LI 
LO 
Vin 
Input High Voltage Ving 
VOL 
OH 


aed ee 
(a) * 
—_ 


Io, =2.1mA 
Output High Voltage V 


Ton = —400HA 2.4 
Notes) *1. -—0.6V for pulse width S 20ns 


*2. Voc + 1.5V for pulse width S 20ns. If V7; is over the specified maximum value, read operation cannot be 
guaranteed. 


Output Low Voltage 





© HITACHI 
Hitachi America Ltd. © 2210 O’Toole Ave. « San Jose, CA 95131 © (408) 435-8300 937 


HN27128AP Series 


@ AC CHARACTERISTICS (7, = 0 to + 70°C, Voc=5V +t 5%, Vpp = Vcc) 


oe ee ee HN27128AP-20 HN27128AP-25 
arameter ymbo est Condition 


Address to Output Delay CE = OE = Viz 


CE to Output Delay tCE OE = Viz, 


OE High to Output Float tpF CE = Vy, 
Address to Output Hold toH CE = OE = V7, 


Cae! 
= 
OE to Output Delay tor CE = Viz, as i ee ae 100 
Ee 
te! 


Note) tp y defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 


@ SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: S 20ns 

Output Load: 1 TTL Gate +100pF 

Reference Level for Measuring Timing: 0.8V and 2.0V 


Address ( 


CE Stand-by Mode > 
Active Mode 


Standby Mode 


lpr 


Data Out . —— i Data Out Valid »-t 


@ 


@ CAPACITANCE (7, = 25°C, f= 1MHz) 


Parameter Symbol Test Condition 


ain [oe 
eae ia Bal 
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ns 


ns 


ns 


ns 


ns 


HN27128AP Series 


® HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Programming algorithm shown in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration 
in reliability of programmed data. 


START 


SET PROG./VERIFY MODE 
V pp = 12.5+0.3V, Voc = 6.0420.25V 


Address = 0 







NO 


n+1l—n 













Program tpyw = lms +5% YES 


Address+1 — Address 


Program topy = 3n ms 





LAST 
Address? 


SET READ MODE 
Voc = 5§.0V +0.25V, V pp = Vec 







READ 
All Address 


GO 


END FAIL 


High Performance Programming Flowchart 
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HN27128AP Series 


= HIGH PERFORMANCE PROGRAMMING OPERATION 
@ DC PROGRAMMING CHARACTERISTICS (7, = 25°C t5°C, Voc = 6V+0.25V, Vpp = 12.5V+0.3V). 


Test Condition | min. | typ. 


Parameter Symbol 


iL 


Input Leakage Current i Vin = 5.25V | = | | 10 | BA 
Output Low Voltage During Verify VoL Toy = 2.1mA | = | Vv 
Output High Voltage During Verify Van Ton = —400uA | = | Vv 


Vcc Current (Active) Icc2 
Input Low Level 
Input High Level 


V pp Supply Current Ipp2 Vin 


SS 
i : 
gi 
tr 
H 
y 
2 
= 
i 


Notes) *1. ~—0.6V for pulse width S 20ns. 
*2. If Vygis over the specified maximum value, programming operation cannot be guaranteed. 


@ AC PROGRAMMING CHARACTERISTICS (77, = 25°C £5°C, Veg = 6V +0.25V, Vpp = 12 5V +0 3V) 


Parameter | Symbol | Test Condition | min. | typ. max. | Unit 
Address Setup Time tas aan ea ee ea US 
Data Setup Time tos an ae ee ee US 
Address Hold Time taH aes Pe eee SS Ms 
OE to Output Float Delay tor’! ae Ta ees ns 
PGM Pulse Width During Initial Programming tpyw Be ee 0.95 | 1.0 | 1.05 | ms 
PGM Pulse Width During Overprogramming | topw? {| 2.85 Lan 78.75 ms 
Data Valid from OE tore =| tti<‘éSC‘*:C KH «dC CL 50 | os 


Notes: *1. tpg defines the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. topy is defined as mentioned in flow chart. 
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HN27128AP Series 


®@ SWITCHING CHARACTERISTICS 


Test Condition 

Input Pulse Level: 0.45V to 2.4V 

Input Rise and Fall Time: S 20ns 

Reference Level for Measuring Timing: 0.8V and 2.0V 


Program Program Verify 


a oe inStable - valid |) 
'DF 
Ven | 
Wed om, 
Voc 'VPS 
Vec*! 


Voc 
Voc 
CE 


PGM aes 


kk ao 
OE 


@ DEVICE IDENTIFIER MODE 

The Identifier Mode allows the reading out of binary codes that identify manufacturer and type of device, 
from outputs of OTPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 


@ HN27128AP SERIES IDENTIFIER CODE 


Ay O, O, O, O, O, O, O, 0, 
ManufactuerCode | Vu | 0 | 0 | 0 | 0 | 0 |i | + | 1 | 
Notes: 1. AJ =12.00V+05V. eee 
2. A, —Ag, Ayo ~ Ayg, CE, OE = Vyzz,, PGM = V7z. 












@ RECOMMENDED SCREENING CONDITIONS 
Before mounting, please make the screening (baking 
without bias) shown in the right. 


Program and 
Verify 
by Programmer 
















Baking at, 
125to 150 C 
for 24 to 48 hrs 









Ensuring 
Read-out 


Recommended 
Screening conditions 
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HN27128AP Series 


SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 


Supply Current I¢c (mA) 
Supply Current Ic¢c (mA) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
ADDRESS ACCESS TIME vs. ADDRESS ACCESS TIME vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 





; i 
: : 
a 

: < 
é £ 
3 

= = 

Supply Voltage Vcc (V) Ambient Temperature Ta ("C) 
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HN27256G Series 


32768-word x 8-bit UV Erasable and Programmable ROM 


® FEATURES 

@ Single Power Supply .......... +5V + 5% 

@ High Performance Programming .. Program Voltage: +12.5V 
D.C. 

@ State ee iwi oe ee BAS ES No Clocks Required 


@ Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 
@ Access Time ............... HN27256G-25: 250ns(max.) 
HN27256G-30: 300ns(max.) 
@ Absolute Max. Rating of Vp, pin. . 14.0V 





@ Low Stand-by Current......... 40mA max. (stand-by) 
@ Device Identifier Mode ...... Manufacturer Code and Device = PIN ARRANGEMENT 
Code 


= BLOCK DIAGRAM 









512x512 
Memory Matrix 






X - Decoder 








{Top View) 
CE O-D 
OE O- Do A0-A4, Al0 
Vec O-—— 
Ver U . 7 
ODO De : High Threshold 
VssO-—— Inverter 


@ MODE SELECTION 








-—[8[8[s[#| a.m 
Mode (20) (22) (24) (1) (28) (11 — 13, 15 — 19) 
Output Disable Ff a High Z 
High Performance Program a Din 


Notes) *1. X: Don’t care. 
*2. Vaz: 12.0V + 0.5V. 
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HN27256G Series. 


® ABSOLUTE MAXIMUM RATING 


Item Symbol Value 
Operating Temperature Range 0 to +70 


Storage Temperature Range Tstg -65 to +125 
Storage Temperature Range Under Bias T bias -~10 to +80 
All Input and Output Voltages”! Vin: Vout -06 to +7 
“AQ Input Voltages! 0.6 to +13.5 
V pp Voltage’! Vpp -0.6 to +14.0 
Vcc Voltage”! Voc -06 to +7 


Note) *1. with respect to Vgg. 


= READ OPERATION 
® DC AND OPERATING CHARACTERISTICS (Ta = 0 to +70°C, Voc = 5V 5%, Vpp = Voc) 


Parameter Symbol 
Input Leakage Current ee tte 
[Yours sasviasy [=| 
Vcc Current (Standby) Icc1 = fF - | - | 
aes 
ev ae 
oe 





Output Leakage Current 


Input High Voltage 


ton =8Twa = 
= 


Voc Current (Active) lcc2 = = - =Viz 


Vin 
Ving 
VOL 


Output Low Voltage 0.45 


Output High Voltage VOH lon = —400 uA 


*: Vz, min. = -0.6V for pulse width S 20ns. 


**: Vip max. = VCC + 1.5V for pulse width S 20ns. If Vz is over the specified maximum value, 
read operation cannot be guaranteed. 


@ AC CHARACTERISTICS (Ta=0~70°C, Vec=5V +5%, Vpp = Voc) 





ae HN27256G-25 HN27256G-30 
Parameter Symbol Test Condition 


ee ae ee 
230 | - | 300 


Address to Output Delay tacc ewe 
OE to Output Delay CE = Vy, ee ll 
OE High to Output Float CE= Vy, Poe 


'CE 
tOE 
'pDF 


Address to Output Hold tOoH CE = OF = Vir 0 s 0 | = | 


Note: tppy defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 


@ SWITCHING CHARACTERISTICS 
TEST CONDITION 


Input pulse levels: 0.45V to 2.4V 
Input rise and fall time: <20ns 
Output load: 1 TTL Gate +100pF 


Reference level for measuring timing: 0.8V and 2V 
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N 
218 
+ 

see 

3 


Unit 
°C 
2C 


<|<|<|< 


Unit 


Unit 


ns 
ns 
ns 
ns 


ns 


$$$. N27 256G Series 













Address 
CE 
Stand by Mode 
OE 
Da Data Out eK Data Out Valid > 










Parameter 


® CAPACITANCE (7a=25°C, f=1MHz) 
Test Condition 


[eur [oY 


® HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Programming algorithm shown in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration in 
reliability of programmed data. 








Input Capacitance 


Output Capacitance 










START 





SET PROG. VERIFY MODE 
Ver = 20208) Vee seat 2ay 







Address = 0 


Program tpw = lms +5%, 







Vs tress + | Address 





Program fopw =3nms 









SET READ MODE 


Vie =a0 2025 Ver= Vee 





High Performance Programming Flowchart 
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HN27256G Series 





# HIGH PERFORMANCE PROGRAMMING OPERATION 
® DC PROGRAMMING CHARACTERISTICS (7a=25°C£5°C, Vcc=6V+40.25V, Vpp=12.5V+0. 3V) 


Parameter Test Condition | min. | typ. | max. | Unit 
Input Leakage Current In Vin = 5.25 V ae ee ee HA 
Output Low Voltage During Verify | Vor | To, = 2.1 mA PF = fo 0.45 V 
Output High Voltage During Verify Ion = —400 uA 2.4 f - | - | V 
Vcc Current (Active) fico | dE Ef t00 mA 
Input Low Level } Vin ae ee 0.8 V 
Input High Level Ving an te Oe oe Voect0.5*2 V 
Vpp Supply Current CE = Vir ee Ws 80s mA 


Notes) *1. -0.6V for pulse width S 20ns. 
*2. If Vyzy is over the specified maximum value, programming operation cannot be guaranteed. 


@ AC PROGRAMMING CHARACTERISTICS (7a=25°C+5°C, Aa ie 25V, oe 5V+0.3V) 


OE Pulse Width During Initial Programming | 0.95 | 1.0 | 1.05 | ms 
CE Pulse Width During Overprogramming | topwel] sts is 78.75 ms 
Data Valid from OF toe | S| - | - [ 150 | os 


Note) *1. toPw is defined as mentioned in flow chart. tpg defines the time at which the output achieves the open circuit 
condition and data is no longer driven. 


© SWITCHING CHARACTERISTICS 





















Program 
Test Condition ppoaret Verify 
Address Does | 
Input pulse level: 0.45 to 2.4V 
Input rise and fall time: > 20ns Data arin Tar Ta 
Reference level for measuring time: 0.8V and 2V ral Fel || t 
pte tne 
Vi es 
Veco + a a 
a a 
i 


@ ERASE 
Erasure of HN27256G is performed by exposure to ultraviolet light of 2537A and all the output data are 
changed to ‘1’ after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure time) 


for erasure is 15W. sec/cm?. 
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HN27256G Series 


® DEVICE IDENTIFIER MODE 

The Identifier Mode allows the reading out of binary codes that identify Manufacturer and type of device, 
from outputs of EPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 


@ HN27256G SERIES IDENTIFIER CODE 


0, O, 
(12) (11): 





Notes: 1. A, =12.0V + 0.5V. 
2. A, —Ag, Ayo — Ayg, CE, OE = Vzz. 


SUPPLY CURRENT VS. 
SUPPLY CURRENT VS. SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Supply Current [cc (mA) 
Supply Current Icc (mA) 





Supply Voltage Vec (V) Ambient Temperature Ta (C) 


ADDRESS ACCESS TIME 
ADDRESS ACCESS TIME VS. SUPPLY VOLTAGE VS. AMBIENT TEMPERATURE 


) 
) 


Address Access Time tacc (ns 
Address Access Time tacc (ns 





Supply Voltage Vec (V) Ambient Temperature Ta (‘C) 


© HITACHI 
Hitachi America Ltd. ¢ 2210 O’Toole Ave. ¢ San Jose, CA 95131 © (408) 435-8300 547 


HN27256P Series 


32768-word x 8-bit One Time Electrically Programmable ROM 


The HN27256P is a 32768-word by 8-bit one time electrically pro- 
grammable ROM. Initially, all bits of the HN27256P are in the ‘'1" 
state (Output High). Data is introduced by selectively programming 
“Q’’ into the desired bit locations. This device is packaged in a 
28-pin, dual-in-line plastic package, therefore, this device can not be 
rewritten. 





= FEATURES 
@ Single Power Supply .......... +5V + 5% 
@ High Performance Programming .. Program Voltage: +12.5V 
D.C. 
@:-SUSC os Se RA eS ee No Clocks Required 
@ Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 
@ Access Time ............06- 250/300ns (max.) 
@ Absolute Max. Rating of Vpp pin. . 14.0V 
@ Low Standby Current ......... 40mA max. (stand-by) 
@ Device Identifier Mode ...... Manufacturer Code and Device 
Code 


m ORDERING -INFORMATION 


Access Time 


Package 











HN27256P-25 
HN27256P-30 


600 mil Plastic DIP 


® BLOCK DIAGRAM 





(Top View) 





512512 
Memory Matrix 


AS-A9 
Al1-Al4 





OF O-pot A0-A4, A10 
Vee O ; 

ss ofde [> : High Threshold 
VssO-—— . Inverter 
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HN27256P Series 


mw MODE SELECTION 





Mode (20) oy (24) (1) (28) (11 — 13,15 - 19) 
Output Disable in| Yn | re Voc High Z 
High Performance Program fs ge Ve Vpp Voc Din 
Program Verify ar | Vpp Voc Dout 
Optional Verify a Vpp Veco Dout 
Identifier a ae Voc Voc Code 


Note) *1. X: Don’t care. 
*2. Viz: 12.0V + 0.5V. 


® ABSOLUTE MAXIMUM RATINGS 


Operating Temperature Range Topr to +70 ia 
Storage Temperature Range T stg eC 
Storage Temperature Range Under Bias T bias -10 to +80 °C 
All Input and Output Voltage"! Vins Vout -06 to +7 V 
“AQ Input Voltage! Vip 06 to +13. | V 
Vpp Voltage”! - Vip -0.6 to +14.0 V 
Vcc Voltage”! Voc -06 to +7 V 


Note) *1. With respect to Vgg. 


® READ OPERATION 
@ DC AND OPERATING CHARACTERISTICS (Ta = 0 to +70°C, Voc = 5V 5%, Vpp = Voc) 


Input Leakage Current Vin = 5.25V LA 
Output Leakage Current ILo Vout = 5.25V/0.45V uA 


V pp Current Ippy Vpp=5.5 V 
Voc Current (Standby) Icc1 


Voc Current (Active) Ioc2 


GC 
ola: 
oD vlo 
— 
+ 
No 
3 
> 


2 2) 
TH! tr 
ut " 
mall = 
u = 
= 


Input Low Voltage Vin -0.1"! Vv 
Input High Voltage Ving —«=- V 
Output Low Voltage VoL ls = 2.1 mA eee acl Vv 
Output High Voltage Von Vv 


Notes) *1. Vy7z min. = -0.6V for pulse width less than 20ns. 
*2. Vizy max. = Voc +1.5V for pulse width less than 20ns. If V7z7 is over the specified maximum value, read operation 
cannot be guaranteed. 


@ AC CHARACTERISTICS (Ta = 0 to +70°C, Voc = 5V 5%, Vpp = Voc) 


HN27256P-25 
Parameter Symbol Test Condition 


| min | om 
eer | - | 
ca ee 
ae 
<a 


ee 
Zz 
nN 
~ 
No 
uw 
an 
~ 
w 
co) 


nit 





3 | 
> 
= 





Address to Output Delay 30 


3 ns 


jon] 


ns 
CE to Output Delay 
OE to Output Delay 
OE High to Output Float CE = Vi, 


Address to Output Hold CE = OE = Vy, 0 = 


Note) *1. tpr defines the time at which the pee achieves the open circuit condition and Data is no longer driven. 
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woes | et 
Orn] o 
nAlo|;o 


CE = Vin ns 


ns 


QO 
Q 


ns 


HN27256P Series 


# SWITCHING CHARACTERISTICS 


TEST CONDITION 
Input pulse levels: 0.45V to 2.4V 
Input rise and fall time: <20ns 
Output load: 1 TTL Gate +100pF 


Reference level for measuring timing: 0.8V and 2V 


Address 


Stand by Mode 


Data Out 





® CAPACITANCE (72=25°C, f=1MHz) 


Parameter Symbol Test Condition 


® HIGH PERFORMANCE PROGRAMMING 

This. device can be applied the High Performance 
Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 








SET PROG. VERIFY MODE 
Ver e125 eu Vi she 














Program tpw = lms +5%% 
\ddress + 1 Address 


Program fopw=3n ms 






SET READ MODE 


Ver = 5.04025) Vpp= Vee 


High Performance Programming Flowchart 
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HN27256P Series 


= HIGH PERFORMANCE PROGRAMMING OPERATION 
@ DC PROGRAMMING CHARACTERISTICS (7a=25°C+5°C, Vec=6V+t0.25V, ae 5V+0.3V) 


Parameter Symbol Test Condition 
Input Leakage Current Vin = 5.25 V 


Output Low Voltage During Verify Io, = 2.1 mA ee ee 
Input Low Level 


—y ar 
Input High Level Ving roe 5*2 Vv 
Vpp Supply Current Ipp2 CE = Viv mA 


Notes) *1. —0.6V for pulse width S 20ns. 
*2. If Vyzz is over the specified maximum value, programming operation cannot be guaranteed. 


Unit 





Output High Voltage During Verify 


Voc Current (Active) Icce 


deeng 
nl 





on) 
= 
> 


@ AC PROGRAMMING CHARACTERISTICS (7a=25°C+5°C, SS 25V, di SV+0.3V) 


Parameter Symbol max. Unit 
OE to Output Float Delay tor aE i a ee 130 ns 
OE Pulse Width During Initial Programming | twee if sisson | to tos ms 
CE Pulse Width During Overprogramming | topw?| sss | L875 ms 
Data Valid from OE (OF ae ee eee 150 ns 


Notes) *1l. tp defines the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. topy is defined as mentioned in flow chart. 


® SWITCHING CHARACTERISTICS Program 


Program Verify 









TEST CONDITION ai [_—— 
Input pulse level: 0.45V to 2.4V = ae 
Input rise and fall time: < 20ns Data ccs Ua tn Stable vate) 


pete! [PE 


Reference level for measuring time: 0.8V and 2V 







@® DEVICE IDENTIFIER MODE 
The Identifier Mode allows the reading out of binary codes that identify Manufacturer and type of device 
from outputs of OTPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 


@ HN27256P SERIES IDENTIFIER CODE 


O, O, O, O, O, 0, 
ne a (18) (17) (16) (15) (13) (12) a 
Mae | Pf of oe jo fe fo ft 
Notes: 1. A, =12. ov + 5 an 
= "A, » Ayo — Ay, CE, OE = Vy. 







Identifier 





Manufacturer Code 
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HN27256P Series 


@ RECOMMENDED SCREENING CONDITIONS 
Before mounting, please make the screening (baking 


without bias) shown in the right. 


© HITACHI 


Program and 
Verify 
by Programmer 

















Baking at 
125to 150 C 
for 24 to 48 hrs 





Ensuring 
Read-out 


Recommended 
Screening conditions 
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HN27C256G Series 


32768-word x 8-bit CMOS UV Erasable and Programmable ROM 


es FEATURES 
@ Low Power Dissipation ........ 


Modes 


Access Time ..... 
Single Power Supply 
High Performance Programming 
Static 
Inputs and Outputs TTL Compatible During Both Read and Program 


ee @« © © © @ © * #@ @ 


Absolute Max. Rating of Vpp pin. . 


@ Device Identifier Mode .......... 


@ Compatible with INTEL 27256 


# BLOCK DIAGRAM 


A4-A9, 


Al2-Al4 


m MODE SELECTION 


Mode =3 (20) 


Read 






Output Disable 
Standby 


High Performance Program 


Program Verify 


Optional Verify 


Program Inhibit 
Identifier 


Notes) 


v1; 


X: Don’t care. 


X-DECODER 


*2. Viz: 12.0V + 0.5V. 


. Program Voltage: +12.5V DC 


.14.0V 





512 X 512 
MEMORY MATRIX 


Y-GATING 


Y-DECODER 


A10, All 


> 


2 


40mW/MHz max. (Active Mode) 
110uW max. (Stand-by Mode) 


170/200/250/300ns (max.) 
5V +5% 


No Clocks Required 


Manufacturer Code and 
Device Code 
















‘ HIGH THRESHOLD 
INVERTER 


Voce 
c (28) 
Voc 


| veo | 
| Yeo _| 
| Yeo _| 
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Outputs 
(11 — 13, 15 — 19) 


Dout 
High Z 
High Z 

Din 

Dout 

Dout 
High Z 

Code 
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HN27C256G Series 


= ABSOLUTE MAXIMUM RATINGS 


Item 
Operating Temperature Range 
Storage Temperature Range 


Storage Temperature Range Under Bias 


All Input and Output Voltage"! 
Voltage on Pin 24 (A9)*1 
Vpp Voltage"! 
Vcc Voltage"! 
Notes: *1. With respect to Vgg. 


-0.6"2 to +7 

-0.6** to +13.5 
-0.6 to +14 
-0.6 to +7 


Vcc 





#72. —1.0V for pulse width S 50Ons. 


@ READ OPERATION 


® DC AND OPERATING CHARACTERISTICS (T, = 0 to +70°C, Voc = 5V £5%, Vpp = Voc) 


Parameter 
Input Leakage Current 
Output Leakage Current 
Vpp Current 


Vcc Current (Standby) 


Vcc Current (Active) 


Input Voltage 





Output Voltage 


Fnesav | 
Four = 5250080 
Vep=ssv 
a 

eae 

<a 


ILI 
ILO 
IPP] 
TSB) 
I$B2 
Icc\ 
[cc2 
ICC3 

VIL 
VIH 
VOL 


i) 
jon) 


tho 
Oo 


CE = Viv 
CE = Vcc + 0.3V 
CE VIL. lout = 0OmA 


30 


f=5MHz,Igy=0mA | 


f=1MHz,Ioyz=OmA | - | 
— 


ee ee 
: 
= 


VOH1 
VOH2 


oO 
. ww 
> NTN 
Mi. 
* 


Notes) *1. -1.0V for pulse width S 50ns. 
*2. Voc + 1.5V for pulse width S 20ns. If Vyzy is over the specified maximum value, read operation cannot be 


guaranteed. 


\ 


@ AC CHARACTERISTICS (7, = 0 to +70°C, Voc = 5V 5%, Vpp = Voc) 


max. 
oa to Output tacc |CE=OE=Vj, ae | 170 La 200 = 250 p= 300 
CE to Output Delay tce | OE=Viz | - | 170 | - | 200 | - | 250 | - | 300 
OE to Output Delay tog | CE=Viz | 10 | 60 | 10 | 70 | 10 | 100 | 10 | 12 
ee cern | 9 | so | 9 | so] 0] oo | © | 105 
gare [ow foe |e [= [eo PT 


Note: tpF defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 
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Value Unit 
0 to +70 7c 
-65 to +125 Ye 
~10 to +80 Je 


Unit 
MA 
vA 
uA 
mA 
vA 


mA 
mA 


<i <i} <| <j < 





HN27C256G Series 
@ SWITCHING CHARACTERISTICS 


TEST CONDITION 
Input pulse levels: 0.45V to 2.4V 
Input rise and fall time: <20ns 
Output load: 1 TTL Gate +100pF 


Reference level for measuring timing: 0.8V and 2.0V 


Address 






Standby Mode 






Data Out 


Us, WW 
EEE oee on va DP 





® CAPACITANCE (7a=25°C, f=1MHz) 


Parameter 
























Test Condition 
Input Capacitance Cin Vin = OV 


Output Capacitance 


8 HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance 
Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 





SET PROG. VERIFY MODE 
Vpp=12.5 40. Vee=6.040.25V 


Address + | Address 








Last 
Address ? 






SET READ MODE 
Veo =5.04025V Vep= Vee 


High Performance Programming Flowchart 
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HN27C256G Series 


= HIGH PERFORMANCE PROGRAMMING OPERATION 
@ DC PROGRAMMING CHARACTERISTICS (7a=25°C#5°C, Voc=6V+40.25V, Vpp=12.5V+0.3V) 





Parameter Test Condition | min. | typ max. Unit 
Input Leakage Current VIN = 6.25V/0.45V oe ee ee LA 
Output Low Voltage During Verify lop = 2.1. mA a aoe 0.45 Vv 
Output High Voltage During Verify 2.4 P= fe V 
Vcc Current (Active) a 30 mA 
Input Low Level Vin 0.8 V 
Input High Level 7 Voct0.5°6|  V 
Notes) *1. Vcc must be applied before Vpp and removed after Vpp. 

*2, Vpp must not exceed 14V including overshoot. 

*3 An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5V. 

*4, Do not alter Vpp either Vzy to 12.5V or 12.5V to Vzz when CE = Low. 

#5. —0.6V for pulse width S 20ns. 

*6. If Vzzy is over the specified maximum value, programming operation cannot be guaranteed. 

@ AC PROGRAMMING CHARACTERISTICS (7a=25°C+5°C, Voc=6V+0.25V, V pp=12.5V+0.3V) 
Parameter Symbol min. | otyp. | max. Unit 

Address Hold Time roo f - [ - [ons 
OE to Output Float Delay tor er 130 ns 
CE Putse Width During Initial Programming | tpy | = | 0.95 | 10 | 1.05 | ms 
CE Pulse Width During Overprogramming | topw | s—i(ié‘i‘iYsétltS LK 8S ms 
Data Valid from OE (OE oe ee ee eo eae en 150 ns 


Notes: fopwy is defined as mentioned in flow chart. 
tpr defines the time at which the output achieves the open circuit condition and data is no longer driven. 


@ SWITCHING CHARACTERISTICS 
Test Condition 

Input pulse level: 0.45V to 2.4V 

Input rise and fall time: S 20ns 
Reference level for measuring 

time: 0.8V and 2V 


Program 


Program Verify 








Address 


@ ERASE 

Erasure of HN27C256G is performed by exposure to ultraviolet light of 2537 A and all the output data are 
changed to “1” after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure time) 
for erasure is 15W. sec/cm? 
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HN27C256G Series 


@ HN27C256G IDENTIFIER CODES 


Pins Ay O, 0, O, O, 0, O, 0, 
Device Code | Vw [1 Po Pa a ep 


Notes: 1. A, =12.0V + 0.5V. 
2. Ay — Ag, Ayo — A,,> CE, OE = VIL- 


0, 
(11) 


ian a 








SUPPLY CURRENT VS. SUPPLY VOLTAGE SUPPLY CURRENT VS. AMBIENT TEMPERATURE 


Vcc =5.0V 
Vie= Vec/Vss 
f=5MHz 


Supply Current Icc2 (Normalized) 


Supply Current Iccz (Normalized) 





Supply Voltage NEE (V) Ambient Temperature Ta (TC) 


SUPPLY CURRENT VS. FREQUENCY ACCESS TIME VS. LOAD CAPACITANCE 


Vcc =5V 
Ta =25C 
Vie= Vec/Vss 





Supply Current Icc2 (Normalized) 
Access Time tacc, tcé (Normalized) 





Frequency f (MHz) Load Capacitance Cu (pF) 
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HN27C256G Series———————————————————— 


ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE 











i z 
# g 
rs z 
Z : 
« 
Supply Voltage Vec (V) Ambient Temperature Ta (C) 
OUTPUT CURRENT VS. OUTPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT VOLTAGE 
Ta =25C 
Vec=5V 
z ? 
: 3 ay 
z 3 
& 8 
Output Voltage Vow (V) Output Voltage Vor (V) 
STANDBY CURRENT 
VS. AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE 
Vcc=5V 
CE=5V CE= Vec 
Dark Condition Dark Condition 
i 3 
re ki: 
: : 
£1. r 
F 3 
Ambient Temperature Ta (‘C ) Supply Voltage Vcc (V) 
@ HITACHI 


558 Hitachi America Ltd. ¢ 2210 O’Toole Ave. « San Jose, CA 95131 © (408) 435-8300 


HN27C256FP Series 


32768-word x 8-bit CMOS One Time Electrically Programmable ROM 


The HN27C256FP is a 32768-word by 8-bit one time electrically 
programmable ROM. Initially, all bits of the HN27C 256FP are in the “1” 
State (Output High). Data is introduced by selectively programming “O” 
into the desired bit locations. This device is packaged in a 28 pin, plastic 
fiat package (SOP}. Therefore, this device cannot be re-written. 


M@ FEATURES 
e Low Power Dissipation......... 40 mW/MHz max. (Active Mode) 
110 p«W max (Standby Mode) (FP-28DA) 
e Access Time ............44. 250 ns max. (HN27C 256FP-25T) 
300 ns max. (HN27C256FP-30T) =» pin ARRANGEMENT 
¢ Single Power Supply .......... 5V + 5% 


e High Performance Programming . .Program Voltage: + 12.5V DC 
©: StaliCs a doth nearer ee weed No Clock Required 


e Inputs and Outputs TTL Compatible During Both Read and Program 
Modes 


e Absolute Max. Rating of Vpp pin. .14.0V 


e Device Identifier Mode......... Manufacturer Code and Device 
Code 


# BLOCK DIAGRAM 







512 X 512 


A4-A9 MEMORY MATRIX 


Al2-A14 


X-DECODER 


(Top View) 


Vep © . [> > HIGH THRESHOLD 
‘ss C INVERTER 
© HITACHI | 
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HN27C256FP Series 


m MODE SELECTION 


Mode (20) (22) DS (1) (28) (11 — 13,15 — 19) 
Read [vn | Ym |x | Yec_| Yoo | Dow 
Output Disable Vin Vin | x | Veo | Veo | High Z 
“Standby [Yim |x| x | vec | Yec_|  Hiehz 
High Performance Program | Vo | Vin | xX | Vpp | Veo | Din 
Program Verify VIH VIL | XLV pp | Dout 
Optional Verify Vn [Vn | x | Yee | Vec_| Dow 
Program Inhibit VIH VIH | xX | Vpp | Vcc High Z 
Identifier VIL VIL | Va? | Veo | Veo | Code 
Notes) *1. X: Don’t care. 
*2. Vey: 12:0 + 0.5V. 
# ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Range °C 
Storage Temperature Range =C 
Storage Temperature Range Under Bias Zo 
All Input and Output Voltage"! V 
Voltage on Pin 24 (A9)"! VID V 
Vpp Voltage *! sem a M 
VCC Voltage”! -0.6 to +7 V 


Notes) *1. With respect to Vgg. 
*2. ~1.0V for pulse width S 50ns. 


# READ OPERATION 
® DC AND OPERATING CHARACTERISTICS (7, 


Parameter ae 


Input Leakage Current =5.25V 


=0~+70°C, Vcc = 5V + 5%, Vpp = Vcc) 


Test Condition 


ma 


Pas 


Unit 


Output Leakage Current 
Vpp Current 


Vcc Current (Standby) 
Vcc Current (Active) 


Input Voltage 


Output Voltage 


Notes) *1. 


nN 
for] 


a 
TSB) 
TSB2 
Icc\ 
Icc2 
< 


e=recsoW iY 
PCE Vitour=0ma | — 
[Festa 988 | 

-_ a 


= 1 MHz, Tey 
22 


Toy = 2.1 mA 
IoH = -400 uA 2.4 
[oH = -100 uA Vcoc-0.7 


Tin 
ae ee 
>| ou 525t0a57 [| 
=o 
iced nea 


wi dw 
Oo} oO 


-0 


oO 


a 
VOH2 


~1.0V for pulse width S 50ns. 


*2. Voc + 1.5V for pulse width S 20ns. If V7z7 is over the specified maximum value, read operation cannot be 


guaranteed. 
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HN 2 7C256FP Series 


® AC CHARACTERISTICS (7, = 0 to +70°C, Voc = 5V + 5%, Vpp = Vcc) 


~ eee pecieaa HN27C256FP-25 HN27C256FP-30 it 
rameter mbo est Conditions nit 
Address to Output Delay CE = OE = Vit 


min 
CE to Output Delay tcE OE = Vi. | | 
OE to Output Delay CE = Viz is a0. sl 
OE High to Output Float tor CE = Viz one ns 
Address to Output Hold toy | CE = OE=Vy, CO | 


Note: tp F defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 


ns 


min [ae 
= [0 
= [0 
[0 [0 | 
see 





® SWITCHING CHARACTERISTICS 


TEST CONDITION 
Input pulse levels: 0.45V to 2.4V 
Input rise and fall time: <20ns 
Output load: 1 TTL Gate +100pF 


Reference jevel for measuring timing: 0.8V and 2.0V 


Address 


CE 


( } 
Stand hy Mod = 
OE | er 


top tne 


Lace ton 


Do <5 a > 


@ CAPACITANCE (7a=25°C, f=1MHz) 


Parameter Symbol Test Condition 


Input Capacitance Cin Vin = OV oo a ae pr 
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HN27C256FP Series 


= HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Programming algorithm shown in followin flewehort. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration in 
reliability of programmed data. | 












SET PROG. VERIFY MODE 
Vep=12.5+03V Veo=6.040.25V 


Address =0) 


Address + 1 Address 





SET READ MODE 
Vee =5.040.25V Vep= Vee 


READ 
All Address 


High Performance Programming Flowchart 


= HIGH PERFORMANCE PROGRAMMING OPERATION 
© DC PROGRAMMING CHARACTERISTICS (72=25°C+#5°C, Vcc=6V+0.25V, Vpp=12.5V+0.3V) 


Parameter Symbol Test Condition | min. | typ. | max. Unit 
Input Leakage Current ee 
Output Low Voltage During Verify ph 
Output High Voltage During Verify lon = —400 uA St 
Vcc Current (Active) ke 30 mA 
Input Low Level =e 0.8 V 
Pea 


Input High Level 


Notes) *1. VCc must be applied before Vpp and removed after Vpp. 
*2. Vpp must not exceed 14V including overshoot. 
*3. An influence may be had upon device reliability if the device is installed or removed while Vpp = 12.5V. 
*4. Do not alter Vpp either Vyy to 12.5V or 12.5V to Vzz when CE = Low. 
*5. -0.6V for pulse width S 20ns. 
*6. If Vz is over the specified maximum value, programming operation cannot be guaranteed. 
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HN27C256FP Series. 


@ AC PROGRAMMING CHARACTERISTICS (7a=25°C+5°C, some 25V, oe 5V+0.3V) 


Parameter Symbol Unit 
Address Hold Time | tan | Foo | - | = | MS 
OE to Output Float Delay te 130 ns 
CE Pulse Width During Initial Programming a ms 
CE Pulse Width During Overprogramming | topw?|ss—ia,iak 8S ms 
Data Valid from OE tor ; ee Ga eel ae 150 ns 


Notes: *1. tpg defines the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. topwy is defined as mentioned in flow chart. 


@ SWITCHING CHARACTERISTICS 
TEST CONDITION 














. ike: ui 
Input pulse level: 0.45V to 2.4V 
Input rise and fall time: < 20ns Address aa eee ea 
Reference level for a ee 
measuring timing: 0.8V and 2V Data {Detain Stable | 


a ca 


= ra} | 
sa ace 






e HN27C256FP IDENTIFIER MODES 


Pins Ay O, O, O, O, | OO, O, O, 0, Hex 
Identifier (10) (19) (18) (17) (16) (15) (13) (12) (11) Data 


Manufacturer Code | Viz [| 9 | 9 | 9 | 0 | 0 | 1 | 1 | 1 | 07 


Notes: 1. A, = 12.0V + 0.5V. 
2: A, — Ay, Ayo — Aug, CE, OF = Vit- 


® RECOMMENDED SCREENING CONDITIONS 
Before mounting, please make the screening (baking 


Program and 
without bias) shown in the right. 


Verify 
by Programmer 
















Baking at 
125to 150°C 
for 24 to 48 hrs 


Ensuring 
Read-out 





Recommended 
Screening conditions 


© HITACHI 
Hitachi America Ltd. © 2210 O'Toole Ave. ¢ San Jose, CA 95131 © (408) 435-8300 563 


HN27C256GHG Series — — Preliminary 


32768-word x 8-bit CMOS UV Erasable and Programmable ROM 


The Hitachi HN27C256HG is a 256k-bit ultraviolet erasable 
and electrically programmable ROM, featuring high speed access 
time. 

The HN27C256HG's maximum access time of 70 ns and 85 ns 
are the fastest in the 256-kbit EPROMs by the new advanced fine 
256-kbit EPROMs by the new advanced fine process and high 
speed circuitry technique. 

The timing conditions such as access time or output hold time 
are designed as same as our byte-wide SRAMs, allowing to use 
with SRAMs on the same memory board by the same read tim- 
ings. So its board design in 16 bit microprocessor systems is 
easy. 

Pin arrangement, pin configuration and programming voltage 
are compatible with our 256-kbit EPROM series, therefore exist- Pin Arrangement 
ing programmers can be used with the HN27C256HG. 





Features 
@ Highspeed .............. Access time 70/85 ns (max.) 
@ Low power dissipation 

Active mode ............ , 30 mW (typ.) (f = 1 MHz) 
@ Programming mode..... Programming voltage: +12.5 V DC 


@ Device identifier mode 
Manufacturer code and device code 


Ordering information 





Type No. Access Time Package (Top View) 
HN27C256HG-70 70ns 600 mil 28 pin 
HN27C256HG-85 85ns Soon Pin Description 
Pin Name Function 


AO —Al4_ Address 
O00 —0O7 Input/Output 
CE Chip enable 
OE Output enable 
Vcc Power supply 
Vpp Programming power supply 
Vss Ground 
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HN27C256HG Series 


Block Diagram 


512x512 
Al2-Al4 : Memory Matrix 


Al0, All 


[De ‘High Threshold 


Inverter 





Mode Selection 





ee (20) on 04 oO Co. is 6 
Read VIL VIL x Vcc Vcc Dout 

Output disable May, Vin x Voc Voc High Z 
Standby Vin x x Voc Voc High Z 

High performance program VIL VIH x Vpp Vcc Din 

Program verify Vin VIL x Vpp Vcc Dout 
Optional verify = = (ast (itst—<“<i«<(RSt*~‘i;*s*:*C«S i Vcc Dout 

Program inhibit Vin Vin x Vpp Vcc High Z 
Identifier Vin VIL Vu"2 Vcc Vcc Code 


Notes) *1. x = Don’t care. 
*2. Vy =12.0V+0.5 V 


Absolute Maximum Ratings 


Item Symbol Value Unit 
All input and output Voltages*! Vin, Vout -—0.6*? to +7.0 Vv 
A9 input voltage *! Vip —0.6*? to +13.5 Vv 
Vpp voltage*? Vpp —-0.6 to +13.5 V 
Vcc voltage*? Vcc —0.6 to +7.0 V 
Operating temperature range Topr 0 to +70 2C 
Storage temperature range T stg -65 to +125 aC 
Storage temperature range under bias Thias -10 to +80 “C 





Notes) *1. Relative to Vsg 
*2. Vin, Vout» Vip min = -1.0 V for pulse width © 50 ns 


Capacitance (Ta = 25°C, f = 1 MHz) 














Parameter Symbol Min Typ Max Unit Test Conditions 
Input capacitance Cin _ 4 8 pF Vin =0V 
Output capacitance Cout — 8 12 pF Vout =0V 
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HN27C256HG Series 


Read Operation 

















DC Characteristics (Ta = 0 to +70°C, Voc = 5V + 10%, Vpp = Veo) 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current In = _ 2 pA Vin = 0 V to Vcc 
Output leakage current Ito _ _ 2 bA Vout = 9 V to Vcc 
Vppcurrent = Ippy  — 1 100. pA Vpp=5.5V 
Standby Voc aurent ish Sm i 
Iccy _ — 30 mA CE = Vi, Iout = 0 mA 
Operating Vcc current leo ))SCOt”téi‘i‘séSCS)OCS0C~COMAS~C*~*«éE = MHz, Igy = O MA 
—le3t—(‘ !”*<‘é‘S.O!#!#;*dNSlUMA CR MB, Igy =O mA 
Input low voltage*3 VIL 0.371 — 0.8 Vv 
Input high voltage*3 Vin 22 ~ Vect+1.0°2 Vv 
Output low voltage VoL _ _ 0.45 Vv Io, = 2.1 mA 
Output high voltage Vout om = 7 . Ole: 
Vous Vec-0.7 = . Vv Ion = 100 pA 
Notes) *1. Vy, min =-—-1.0 V for Pulse width <50 ns 
*2. Vip max=Vcc + 1.5 V for Pulse width < 20ns | 
If Vy is over the specified maximum value, read operation cannot be guaranteed. 
*3. Only defined\for DC and long cycle Function Test. 
AC Characteristics (Ta = 0 to +70°C, Vec = 5 V + 10%, Vpp = Vec) 
Parameter Symbol NTR 6 HET) HN TC 200 HBS ie ee ae Unit Test Conditions 
Address to output delay tacc “ 70 7" 85 ns CE=O0E= Vii 
CE to output delay tCE _ 70 — 85 ns OE= VIL 
OE to output delay tor = 40 se 45 ns CE= Vit 
OE high to output float tpF 0 30 0 30 ns CE= Vit 
_ Address to output hold toH 5 - 5 _ ns CE=O0EF= Vy, 


Note: tp F defines the time at which the output achieves the open circuit condition and data is no longer driven. 


Switching Characteristics 
Test condition 


Input pulse levels ........... 0002000. 0.45Vto2.4V 
Input rise and fall times ................2005 < 10 ns 
Output load... .... 0... ee eee 1 TTL Gate +100 pF 
Reference levels for measuring timing. 

Input; 1.5 V 


Outputs; 1.5 V 


Address 


Stand by Mode 


oe hii Wh 
NAN LV 
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HN27C256HG Series 


Programming Operation 
DC Characteristics (Ta = 25°C + 5°C, Vec = 6 Vt 0.25 V, Vpp = 12.5V + 0.5 V) 








Parameter Symbol Min Typ Max Unit Test Conditions 
Input leakage current Tur = = 2 pA Vin=0Vto Vcc 
Output low voltage during - 
verify VoL — — 0.45 Vv Io, = 2.1 mA 
Output high voltage during _ 
verify Vou 2.4 - — Vv Ion = —400 vA 
Operating Vcc current Icc — _ 30 mA 
Input low level VIL -0.1"5 — 0.8 Vv 
Input high level Vin 22 — Vocr0.5"6 Vv 
Vpp supply current Ipp és = 30 mA CE = Vip 


Notes) *1. Vcc must be applied before Vpp and removed after Vpp. 
*2. Vpp must not exceed 13 V including overshoot. 
*3. Aninfluence may be had upon device reliability if the device is installed or removed while Vpp= 12.5 V. 
*4. Donot alter Vpp either Vy to 12.5 V or 12.5 V to Viz, when CE = Low. 
*S5. Vit min = —-0.6 V. 
*6. If Vipy is over the specified maximum value, programming operation cannot be guaranteed. 


AC Characteristics (Ta = 25°C + 5°C, Voc = 6 V £0.25 V, Vpp = 12.5 V + 0.5 V) 





Parameter Symbol Min Typ Max Unit Test Conditions 
Address setup time tas 2 - - rs 
OE setup time toES 2 2 Tes us 
Data setup time tps Z — — US 
Address hold time taH 0 — _ us 
Data hold time tpH 2 _ _ ys 
OE to output float delay tpF*l des = 130 ns 
Vpp setup time tvps 2 = = us 
a z ye te oe tpw 0.95 1.0 1.05 ms 
a pulse topw*2 7.85 7 18.75 ne 
Vac setup time tvcs 2 — — Ms 
Data valid from OE tOE 0 = 150 ns 


Notes) *1. tp F defines the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. Refer to the programming flowchart for topw. 


Switching Characteristics 
Test condition 
Input pulse levels .. 0.2.0.0... 000 eee 0.45 V to2.4V 
Input rise and fall times ................-00. < 20 ns 
Reference levels for measuring timing: 
Inputs; 1.5 V 
Outputs; 1.5 V 


© HITACHI 
Hitachi America Ltd. * 2210 O'Toole Ave. « San Jose, CA 95131 © (408) 435-8300 567 





HN27C256HG Series 
Programming Waveforms 
Program Verify 


Address 


Data In Stable 


| 


Era 





High Performance Programming 

This device can be applied the high performance programming 
algorithm shown in following flowchart. This algorithm allows to 
obtain faster programming time without any voltage stress to the 
device nor deterioration in reliability of programmed data. 





START 


SET PROG./VERIFY MODE 





Veep ==12.540.5V, Vec =6.0£0.25V 


Address =0 







Program t pw =1.0ms +5% 


Address + 1— Address 


LAST 
Address ” 


SET READ MODE 
Veco =5.0V £0.5V, Vep= Vee 






YES 











READ 
All Address 


GO 


High Performance Programming Flowchart 
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HN27C256HG Series 


Erase 

Erasure of HN27C256HG is performed by exposure to ultra- 
violet light of 2537 A and all the output data are changed to “1” 
after this erasure procedure. The minimum integrated dose (i.e. 
UV intensity x exposure time) for erasure is 15 W.sec/cm?. 


Mode Description 

Device Identifier Mode 

Programming condition of EPROM is various according to 
EPROM manufacturers and device types. It may cause miss 
operation. To countermeasure it, some EPROMs provide maker 
identifier code. Users can write EPROM by reading out write 
condition coded before shipped. Some commercial programmers 
set write condition by recognizing this code. This function 
enables effective program. 


HN27C256HG Series Identifier Code 





if AO O7 06 05 04 03 02 Ol 00 

cas do) 9) 48) ~— a7) 6) ~— 5) =~ (3) Ss 2) tt) __—=ex Data 
Manufacturer code VIL 0 0 0 0 0 1 1 1 07 
Device code Vin 0 0 1 1 0 0 0 1 31 


Notes: 1.Ag=12.0Vt0.5V_ __ 
2. Ay -Ag, Ayo -A14, CE, OE = VIL 
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HN27512G Series 


65536-word x 8-bit UV Erasable and Programmable ROM 


The HN27512G is a 65536-word by 8-bit erasable and electrically 
programmable ROM. This device is packaged in a 28-pin, dual-in-line 
package with transparent window. The transparent window allows 
the user to expose the chip to ultraviolet light to erase the bit 
pattern, whereby a new pattern can then be written into the device. 


# FEATURES 
@ Single Power Supply ........ +5V +5% 
@ High Performance............ Program Voltage: +12.5V D.C. 
Programming High Performance Programming 
Operations 
© State’. ¢ statue 6 ae ee 4 No Clocks Required 


@ Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 


@ Access Time ............. 250/300ns (max.) 
@ Absolute Max. Ratingof ..... 14.0V (max.) 
Vpp pin 
@ Low Stand-by Current....... 40mA (max.) 
@ Device Identifier Mode ...... Manufacturer Code and Device 
Code 


m ORDERING INFORMATION 














Type No. Access Time Package 
HN27512G-25 250ns 
600 mil 28 pin Cerdip 
HN27512G-30 300ns 





=» BLOCK DIAGRAM 














o 
3 
5 1,024x512 
9 ’ 
LAS A Memory Matrix 
~ 
(Top View) 
1/00 © 
1/07 © 


CE O-~0 
OE/Vpp O-fSo-}+——_e 
veco—|_L. 
OE/V 
/Vpp © Prof [Bo : High Tereshold 
Vss O— Inverter 
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HN27512G Series 


OE/Vpp A9 Outputs 
(22) (24) (28) CEE 13529) 
x 


= MODE SELECTION 


CE 
Mode (20) 


N NS 
2) 


a 


Read VT VIL a ee Voc Dout 
Output Disable VIL VIH cc High Z 
Standby Vcc High Z 
High Performance Program VIL Vpp Vcc Din 
Program Verify VIL Vit Vcc Dout 
Program Inhibit Ving Vpp Vcc High Z 
Identifier VIL VIL Vi 2 VCC Code 


Notes) *1l. X... Don’t care 
*2. Vy: 12.0V + 0.5V. 


= ABSOLUTE MAXIMUM RATINGS 


Operating Temperature Range i © 
Storage Temperature Range ss 
Storage Temperature Range Under Bias 6 
All Input and Output Voltages ! Vin: Vout Vv 
"Voltage on Pin 24 (A9)"! ~0.6 to +13.5 V 
V pp Voltage"! 0.6 to +14.0 Vv 
Vcc Voltage”! Voc Vv 


Note) *1. with respect to Vgs. 


= READ OPERATION 
@ DC AND OPERATING CHARACTERISTICS (7, = 0 to +70°C, Voc = 5V +5%) 


Vcc Current (Standby) Icc1 


Input Leakage Current Ty Vin = 5.25V | 10 | LA 
Output Leakage Current ILo Vout = 5.25V/0.45V uA 


Vcc Current (Active) Icc2 CE =OE=Vyz, 


Q 
ies) 
1 
= 


Input Low voltage Vin 
Input High Voltage Ving 
Output Low Voltage VoL 


Io. = 2.1mA 
Output High Voltage Vou Ton = —400yHA 


Notes) *1. —0.6V for pulse width S 20ns 
*2. Voc + 1.5V for pulse width S 20ns. If Vjz;7 is over the specified maximum value, read operation cannot be 
guaranteed. 


Nn ao) 
_— 
fan) 
fon) 
3 
> 


| 
tw nen Be 
‘pb ols 
_— 
x 
S 
_ 
WGN 


Vv 
cct1'?| V 
Vv 
V 
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HN27512G Series 


® AC CHARACTERISTICS (7, = 0 to +70°C, Vcc = 5V 45%) 


a0 HN27512G-25 HN27512G-30 
Parameter Symbol Test Condition Unit 


Addres to Output Delay tacc }CE=OE=Vy, =| - | 250 | - | 300 ns 
CE to Output Delay FOE=Vy, = iT | st | 300 ns 
OE to Output Delay (CE=V, ss | = —«fst00 | - 120 ns 
OE High Output Float [CE=Vn, = | fl 8 | 105 ns 
eE=E=Mn | 9 | - |? 


Address to Output Hold 
Note: tpr defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 


t 
t 
t 


CE 
OE 
DF 

‘OH 


ns 


@ SWITCHING CHARACTERISTICS 
Test Condition 


Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: < 20ns 

Output Load: 1 TTL Gate +100pF 

Reference Level for Measuring Timing: 0.8V and 2.0V 

CE Stand-by Mode Stand-by Mode 
Active Mode 

OE/V pp a 


be 2222 a >> 


@ CAPACITANCE (7, = 25°C, f= 1MHz) 


input Capacanc] ==! OF Vp ee 
OE/Vpp Pin 2 
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HN27512G Series 





# HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Programming algorithm show in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration 
in reliability of programmed data. 


START 


SET PROG./VERIFY MODE 
V pp = 12.5 +0.3V, Vec = 6.0+0.25V 


Address = 0 


NO 













Program tpw = Ims+5% YES 


Addresst+1 — Address 


Program {opwy = 3n ms 





LAST 
Address? 


SET READ MODE 
Voc = 5.0V#0.25V 







READ 
All Address 





GO 


END FAIL 


High performance Programming Flowchart 
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HN2751 2G Series 


= HIGH PERFORMANCE PROGRAMMING OPERATION 


@ DC PROGRAMMING CHARACTERISTICS (7, = 25°C +5°C, Voc = 6V+0.25V, ta =] 


Parameter 
Input Leakage Current 
Output Low Voltage During Verify 
Output High Voltage During Verify 
Voc Current (Active) 
Input Low Level 
Input High Level 
V pp Supply Current 
Notes) *1. -0.6V for pulse width S 20ns. 


bho 
Lo a) 
< 
i+ 
= 
Ww 
< 
—_ 


iar Vinesasv T= | =| 0 [on 
[Yor | fou=tima ff [oar v 
[You | fon=—t000a [2a [| — [Vv 
ee 
7 
7 
[tre | ve «dP | 


*2. If Vzz is over the specified maximum value, programming operation cannot be guaranteed. 


@ AC PROGRAMMING CHARACTERISTICS (T, = 25°C +5°C, Voc = 6V £0.25V, Vpp = 12.5V £0.3V) 


Parameter 
Address Setup Time 
Data Setup Time 
Address Hold Time 
Data Hold Time 
OE Hold Time 
CE to Output Float Delay 
V pp Setup Time 
Voc Setup Time 
CE Pulse Width During Initial Programming 
CE Pulse Width During Overprogramming 
V pp Recovery Time 
Data Valid from CE 


el RRS AE ES 
[tvs | -*+? {-|- |» 
ives [2 = 
i 


Notes) *1. tp , defines the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. topwy is defined as mentioned in flow chart. 
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Se MN eG Oenes 


®@ SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Level: 0.45V to 2.4V 

Input Rise and Fall Time: <S 20ns 

Reference Level for Measuring Timing: 0.8V and 2.0V 


Program Program Verify 
Data (| Data In Stable > (} Data Out Valid b 


Vpp 
" 7 ~ a 
Vectl 
Vcc 
° =| 
CE 


= ERASE 

Erasure of HN27512G is performed by exposure to ultraviolet light of 25374 and all the output data are 
changed to “1” after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure 
time) for erasure is 15 W. sec/cm?. 


® DEVICE IDENTIFIER MODE 

The Identifier Mode allows the reading out of binary codes that identify manufacturer and type of device, 
from outputs of EPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 


@ HN27512G SERIES IDENTIFIER CODE 


Pins 


Manufacturer Code Vip |, A | Oe hee a a 
Device Code se i oe eee oa oe z 


Notes: 1. AJ=12.00+05V.  __ 
2. Ay — Ag, Aygo — Ays, CE, OE/Vpp = Vy. 
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HN27512G Series 


SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 





E E 
oO OQ 
z 3 
a a 
‘Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
ADDRESS ACCESS TIME vs. ADDRESS ACCESS TIME vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Address Access Time tacc (ns) 
Address Access Time tacc (ns) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 


@ HITACHI 
576 Hitachi America Ltd. « 2210 O’Toole Ave. * San Jose, CA 95131 © (408) 435-8300 


HN27512P Series 


65536-word x 8-bit One Time Electrically Programmable Read Only Memory 


The HN27512P is a 65536-word by 8-bit one time electrically pro- 
grammable ROM. Initially, all bits of the HN27512P are in the ‘1’ 
state (Output High). Data is introduced by selectively programming 
“O’" into the desired bit locations. This device is packaged in a 28 
pin, plastic dual-in-line package. Therefore, this device can not be 


re-written. 
=» FEATURES 
@ Single Power Supply ........ +5V +5% 
@ High Performance............ Program Voltage: +12.5V D.C. 
Programming High Performance Programming 
Operations 
OStatic’ 6 ee a Sha ee ae a ee No Clocks Required 
@ Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 
@ Access Time ............. 250/300ns (max.) 
@ Absolute Max. Ratingof ..... 14.0V (max.) 
Vpp pin 
@ Low Stand-by Current....... 40mA (max.) 
@ Device Identifier Mode ...... Manufacturer Code and Device 
Code. 
Ordering Information 
Part No. Access Package 
1H1N275 12P-25 250ns 600 mil 


HN27512P-30.. 300ns.~—~Sté<“‘(«‘«‘é PN Plastic DIP 


Block Diagram 


1,024x512 
Al1-A15 Memory Matrix 


[po : High Tereshold 
Inverter 
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(DP-28) 


Pin Arrangement 


(Top View) 


Pin Description 


Pin Name 

AO — Al5 

00 — 07 
CE 
OE 
Vcc 
Vpp 


Vss 


Function 
Address 
Input/Output 
Chip Enable 
Output Enable 
Power Supply 





Programming Power 


Supply 


Ground 
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HN27512P Series 


= MODE SELECTION 


Mode == 


Read 

Output Disable 

Standby 

High Performance Program 


a 


OE/Vpp 
(22) 


Vcc 


34 (28) 


C 


C7 


C 


) 


NS 


Program Verify Vcc 

Program Inhibit Voc 

Identifier Vcc 
Notes) *1. X...Don’t care 


*2. Vi: 12.0V + 0.5V. 


= ABSOLUTE MAXIMUM RATINGS 


Item 
Operating Temperature Range 
Storage Temperature Range 
Storage Temperature Range Under Bias 
All Input and Output Voltages 1 
Voltage on Pin 24 (A9)"! 
Vpp Voltage’! 
Voc Voltage"! 
Note) *1. With respect to Veg 


= READ OPERATION 
@ DC AND OPERATING CHARACTERISTIC 


Parameter ae 
Input Leakage Current 
Output Leakage Current 


Vcc Current (Standby) Tcc1 


Vcc Current (Active) “cor 
Input Low voltage 
Input High Voltage 
Output Low Voltage 
Output High Voltage 


Notes) *1. -0.6V for pulse width S 20ns 


Value 


-55 to +125 
—10 to +80 
—0.6 to +7 
-0.6 to +13.5 
—0.6 to +14.0 
—0.6 to +7 


S (Tz =0 to +70°C, Vcc = SV +5%) 


Vin = 5.25V | — | 
Vout = 5.25/0.45V | = | 


-~ 
<< 
so 


S 
ran BS) 3 
‘(9 rx) 
ol ad 
© 


Cee=8E= ta 
Eomrina mancrronersaiat 
RANA | 
[fae Bies 


S| S| S| SN 
a a) 
di 


o 

+ 
~ 
oO 


> 


5 


Outputs 


Dout 
High Z 
High Z 
Din 
Dout 
High Z 
Code 


(11 ~ 13,15 ~ 19) 


Unit 


<1 <<} <j < 


*2. Voc + 1.5V for pulse width S 20ns. If Vzz; is over the specified maximum value, read operation cannot be 


guaranteed. 
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HN27512P Series 


@ AC CHARACTERISTICS (7, =0 to +70°C, Voc = 5V +5%) 


HN27512P-25 HN27512P-30 
Parameter Symbol Test Condition Unit 
Addres to Output Delay CE = OF = Viz, 
ICE 


eh 


CE to Output Delay 
OE to Output Delay 


Address to Output Hold ton CE = OE = Vz, 


Note: fpr defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 


@ SWITCHING CHARACTERISTICS 
Test Condition 


Input Pulse Levels: 0.45V to 2.4V 
Input Rise and Fall Time: < 20ns 

Output Load: 1 TTL Gate +100pF 
Reference Level for Measuring Timing: 0.8V and 2.0V 


Address ( 


~~ 


CE Stand-by Mode Stand-by Mode 
Active Mode 


OE/ V pp 


Data Out wees Data Out Valid SS: 


@ CAPACITANCE (7, = 25°C, f= 1MHz) 


| except OF/Vpp a 

Input Capacitance 
OEVppPin | Cina | Yn=0V +d = ‘| | 0 | oF 
[Coe | Yow ov «dt = | 8 | fo 


Output Capacitance 
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HN27512P Series 


# HIGH PERFORMANCE PROGRAMMING 


This device can be applied the High Performance Programming algorithm show in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration 
in reliability of programmed data. 


START 


SET PROG./VERIFY MODE 
V pp = 12.5 0.3V, Voc = 6.040.25V 


Address = 0 


NO- 


















Program tpw = 1ms+5% YES 


Address+1 — Address 


Program topy = 3n ms | 


LAST 
Address? 


SET READ MODE 
Voc = 5.0V+0.25V 







READ 
All Address 


GO 


END FAIL 


High performance Programming Flowchart 
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HN27512P Series 


= HIGH PERFORMANCE PROGRAMMING OPERATION 


Parameter Symbol Test Condition 


Input Leakage Current Tyr Vin = 5.25V p= | 


|__Test Condition . 
CU ee eed 
Output Low Voltage During Verify VOL P| 0.45 V 
Output High Voltage During Verify Von | Ton=-400uA =| 24 | - | - | V 
Vcc Current (Active) | ice | | - 100 | mA 
Notes) *1. —0.6V for pulse width S 20ns 
*2. If Vyzz is over the specified maximum value, programming operation cannot be guaranteed. 
@ AC PROGRAMMING CHARACTERISTICS (7, = 25°C 45°C; Voc = 6V+0.25V, Vpp = 12.5V +0.3V) 
Parameter | Symbol | Test Condition | min. _ typ. max. | Unit 
Address Setup Time tas Pk eH uS 
CE to Output Float Delay tpr ! ae = Ss ee 130 ns 
CE Pulse Width During Initial Programming tpw Pf 95 | 1.0 | 1.05 ms 
CE Pulse Width During Over programming | topw? | 2.85 | = | 78.75 ms 
Data Valid from CE tov ee ee ee us 
Notes) *1. tpg defines the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. topw is defined as mentioned in flow chart. 
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HN27512P Series 


@® SWITCHING CHARACTERISTICS 


Test Condition 

Input Pulse Level: 0.45V to 2.4V 

Input Rise and Fall Time: S 20ns 

Reference Level for Measuring Timing: 0.8V and 2.0V 


Program Program Verify 


Address 


a 
ih sti 


L 
sal 
il 


Data im Data In Stable ) - Data Out Valid +f 


Vpp 

. " = a 
Vectl 
Voc 

° = ef 

CE 


® DEVICE IDENTIFIER MODE 
The Identifier Mode allows the reading out of binary codes that identify manufacturer and type of device, 
from outputs of EPROM. By this Mode, the device will be automatically matched its own corresponding 


programming algorithm, using programming equipment. 
O, 
(15) - oO a 


© HN27512P SERIES IDENTIFIER CODE 
ee a a ee ee 
a a Ce a ee 














Notes: 1. A, Smrsosv. CE OF 
2: A. — Ag, Ay ~ Ays, CE, OE/Vpp = Vyz. 


@ RECOMMENDED SCREENING CONDITIONS 
Before mounting, please make the screening (baking prosraimand 
without bias) shown in the right. Verify 

| by Programmer 


Baking at 
125to 150°C 
for 24 to 48 hrs 


Ensuring 
Read-out 





Recommended 
Screening conditions 
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OO HN 2 751 2P Series 


SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 





3 B 
Supply Voltage Ver (V) Ambient Temperature Ta (°C) 
ADDRESS ACCESS TIME vs. ADDRESS ACCESS TIME vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Address Access Time tacc (ns) 
Address Access Time tacc (ns) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
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HN27CiIO24G Series Under Development 


65536-word x 16-bit CMOS UV Erasable and Programmable ROM 


The Hitachi HN27C1024G is a 1-Mbit ultraviolet erasable and 
electrically programmable ROM, featuring high speed and low 
power dissipation. a | 

Fabricated on new advanced fine process and high speed circuitry 
technique, the HN27C1024G with 65536 word x 16 bit organiza- 
tion makes high speed access time possible. Therefore, it is 
suitable for 16 bit micro-computer systems such as the 8086 and 
68000. 

The HN27C1024G offers high speed programming using page 
programming mode. | 


Features 
@ High performance programming mode and 
High performance page programming mode 
Programming voltage +12.5 VDC 
High speed page programming 
14 sec typical 
High speed 
Access time 100/120ns (maximum) 
Inputs and Outputs TTL compatible during both read and 
program | 
@ Low power dissipation 
6O0mW/MHz typical 
JE DEC standard 


Block Diagram 


1024 x 1024 
Memory Matrix 


(Top View) 





Pin Description: 
Pin Name Punction 
AQ —A15 Address 
00 —015 Input/Output 
CE Chip Enable 
OE Output Enable 
Vcc Power Supply 


Programming Power 
VPP Supply 


Vss Ground 
fB>o : High Threshold Inverter PGM Programming Enable 
NC No Connection 
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HN27CIiO1G Series 


131072-word X 8-bit CMOS U.V. Erasable and Programmable ROM 


# FEATURES 
@ Single Power Supply .........--. 05+ eee +5V +5% 
@ High Performance Program Mode and High Performance 
Page Program Mode...... Program Voltage: +12.5V DC 
fae atiae ae High Performance Programming Available 
Oe Stati sci ee ee eee ee No Clocks Required 
@ Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 
@ Access Time .......... 170/200/250ns (max.) 
@ Low power Dissipation .. 50mW/MHz typ. (Active Mode) 
5uW typ. (Standby Mode) 
@ Pin Arrangement ........... 32 Pin JEDEC Standard 





@ ORDERING INFORMATION 


Access Time 












Type No. 

~ HN27C101G-17 
HN27C101G-20 
HN27C101G-25 


Package 


600 mil 32 pin Cerdip 


BLOCK DIAGRAM 
















1024 x 1024 
MEMORY 
MATRIX 


Heal 
4 | Y GATING 


SD DECODER 


DECODER 





v, 








= 


Ga 





(Top View) 


Be: HIGH THRESHOLD 
INVERTER 





= MODE SELECTION 














Pins CE OF | PGM Vpp Voc Outputs 
_Mode Sata © (22) _ (24) (31) (1) (32) (13 ~15, 17~21) 
Read Vin Vit Ving Vcc Vee Dout 
Output Disable Vin Ving Vin | Yee Voc High Z 
“Standby x | xX | Vee Voc High Z 
Program Ving ~ Vin V pp Vec Din 
Program Verify "Voy Vi Vin V pp Dout 
Page Data Latch Ving Vin _ Vin V pp Voc Din 
Page Program Vin Vin Vit Vpp Vcc High Z 
Vin Vin | Vint 
Program Inhibit 4 | ae | Anes nd See A Vec High Z 
Vin Vin Vin 
VIH Vin | Vin 


Notes) 1. X: Don’t care 
2. 30 pin should be connected to 32 pin. 
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HN27C101G Series 


# ABSOLUTE MAXIMUM RATINGS 
| Item Value Unit 
All Input and Output Voltage”! Viv Views -0.6°2 to +7.0 V 
Vpp Voltage"! | -0.6 to +13.0 V 


V pp 
Vcc Voltage*! ~0.6 to +7.0 V 
Operating Temperature Range 0 to +70 C 
Storage Temperature Range | —65 to +125 C 


Storage Temperature Range Under Bias T hics —10 to +80 C 


Notes) *1. With respect to Vgg 
*2. —1.0V for pulse width S 50ns. 


° 


° 


° 


= READ OPERATION 
® DC CHARACTERISTICS (7, = 0 to +70°C, Voc=5V £5%, Vpp=Vcc) 











Icec1 CE=Vy,,Joyt=0mA mA 
Vcc Current f=SMHz, Joy¢20MA pont mA 
Input Low Voltage 0.371) = 0.8 V 


Notes) *1. -1.0V for pulse width S 50ns. | 


*2. Voc + 1.5V for pulse width S 20ns. If Vj; is over the specified maximum value, read operation cannot be 
guaranteed. 


@ AC CHARACTERISTICS (Ta = 0 to +70°C, Voc = SV 5%, Vpp = Voc) 


HN27C101G-20|HN27C101G-25 














HN27C101G-17 























Parameter Test Conditions min. | max. | 
| cael 
Address to Output Delay CE = OF = Vz, | — | 200 | - | 250 
CE to Output Delay OE = Viz a 200 | | 250 





OE to Output Delay 
OE High to Output Float 
Address to Output Hold 


CE = Viz, 
CE = Vip 
CE = OF = Viz, 

















Ww 

joo) 
— 
oS 
— 
j=) 
foam) 





Note) tp defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 


@ SWITCHING CHARACTERISTICS 


e Test Condition |nput Pulse Levels: 0.45V to 2.4V 
Input Rise and Fall Time: S 20ns 
Output Load: 1 TTL Gate + 100pF 


Reference Levels for Measuring Timing: Inputs;0.8V and 2.0V 
Outputs;0.8V and 2.0V 
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HN27C101G Series 


Address ‘ 


CE | 
Standby Active Mode Standby Mode 
Mode 


i 


tDF 
Data Out 44 Data Out Valid 5p 


@® CAPACITANCE (7, =25°C, f=1MHz) 


tn nv 
a 


@® HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Pro- 
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time 
without any voltage stress to the device nor deteriora- 
tion in reliability of programmed data. 







Unit 











Input Capacitance 
Output Capacitance 












SET PROG./VERIFY MODE 
Vep=12.5Vt0.3V Vec=6.0V+0.25V 


Address= 0 


Address + 1*Address 


Program torw=0.2n ms 






SET READ MODE 
Vec =5.0V+0.25V, Vev = Vee 


READ 
All Address 


High Performance Programming Flowchart 
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HN27C101G Series 


® DC PROGRAMMING CHARACTERISTICS (7, =25°C £5°C, Voc=6V +0.25V, Vpp=12.5V +0.3V) 


Input Leakage Current , Ihr Vine 6.25v/04sv] - | - | 2 | vA 
Output Low Voltage during Verify VOL Ion=21mA | - | - | 045 | V 
Output High Voltage during Verify Vou Ton=-400uA | 24 | - | - | Vv 
Vcc Current (Active) lec es ee ee ee mA 
Input Low Level Vin Fe ween oad ~0.1"5 } - | 08 | Vv 
Input High Level ? Ving | | fect" Vv 
V pp Supply Current Ipp |CE=PGM=Vy, | - | - | 40 mA 
Notes) *1. Vcc must be applied before Vpp and removed after V pp. 

*2. Vpp must not exceed 13V including overshoot. 

*3. An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 

*4. Do not alter Vpp either Vzz to 12.5V or 12.5V to Vz; when CE = Low. | 

*5. ~0.6V for pulse width S 20ns. 

*6. If Vzzz is over the specified maximum value, programming operation cannot be guaranteed. 

@ AC PROGRAMMING CHARACTERISTICS 
(T=25°C £5°C, Voc=6V £0.25V, Vpp=12.5V +0.3V) 

Address Setup Time a ok... ee ee 
Address Hold Time 7 es i ae ae 
OE to Output Float Delay tor’! ee ns 
PGM Pulse Width during Initial Programming | tpwo | s—~—~iS:=CiD || LD ms 
PGM Pulse Width during Overprogramming | topw2 | sft || 525 ms 
Data Valid from OE lOF i (ae i 150 ns 


Notes) *1. fp, defines the time at which the output acheives the open circuit condition and data is no longer driven. 
*2. topy is defined as mentioned in flowchart. 
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—_—_—__—-41N27C101G Series 


@ SWITCHING CHARACTERISTICS 


Input Pulse Levels: 0.45V to 2.4V 
input Rise and Fall Time: S 20ns 
Reference Levels for Measurement Inputs; 0.8V and 2.0V 
Timing: Outputs; 0.8V and 2.0V 
Program Program nn 





Data ; eaoe 2 In Stable Data Out aa 
= = 


ine] 
gq gl 
a 
= 
G 
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HN27C101G Series 


@ HIGH PERFORMANCE PAGE PROGRAMMING 


This device can be applied the High Performance Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 


SET PAGE PROGRAM LATCH MODE 
Ver =12.5V+0.3V. Ver =6.0V +0.25V 















Latch 


Address + 1-*Address 


Address + 1— Address 


Latch 


Address + 1—Address 






SET PAGE PROG.,,VERIFY MODE NO 


Ver =12.5V +0.3V. Voc =6.0V+0.25V 


Program tpw=0.2ms+5% 





Address +1->Address 


LAST 
Address? 


SET READ MODE 
Veco =5.0V+0.25V, Vep =Vec 








READ 
All Addres 
GO 
FAIL 


High Performance Page Programming Flowchart 


@ DC PROGRAMMING CHARACTERISTICS (7,=25°C +5°C, Voc=6V +£0.25V, a 5V +0.3V) 


Output Low Voltage during Verify a V 
Output High Voltage during Verify HTon=-400uA | 2.4 | = V 
Input High Level 1-75 aa 2.2 eZ “a ov 
Vpp Supply Current Ipp CE=OE=V jy, PGM= V7, PF = f= | 50 | mA 


Notes) *1. Vgc must be applied before Vpp and removed after Vpp. 
*2. Vpp must not exceed 13V including overshoot. 
*3. An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 
*4. Do not alter Vpp either Vz; to 12.5V or 12.5V to Vz, when CE=Low. 
*5. -0.6V for pulse width S 20ns 


*6. If Vyzy is over the specified maximum value, programming operation cannot be guaranteed. 
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HN27C101G Series 


@ AC PROGRAMMING CHARACTERISTICS 
(T,=25°C #5°C, Vec=6V +0.25V, Vpp=12.5V +0.3V) 


Parameter Symbol] Test Conditions 


max. Unit 


MS 





Address Setup Time LAS 


OE Setup Time tOES MS 


Data Setup Time MS 


S 
Address Hold Time 7 


ms 


aa 


v 
x 


Jp ip yy 
m | | 
al 


Data Hold Time 
OE to Output Float Delay 


o 
5 
= 


V pp Setup Time tvps 


ae 
| - | 
| = | 130 nS 
st 
Ea 


Vcc Setup Time tyvcs 


0.19 0.21 ms 


PGM Pulse Width during Initial Programming tpyw 


PGM Pulse Width during Overprogramming oie = | 5.25 ms 
Data Valid from OF tor | o | - | 150 ns 
OE! Pulse Width during Data Latch trw Por fo = fe MS 


Notes) *1. fpr defines the time at which the output achieves the open circuit condition and data is no longer driven. 
*2. topy is defined as mentioned in flowchart. 


@® SWITCHING CHARACTERISTICS 
e Test Condition Input Pulse Levels: 0.45V to 2.4V 


Input Rise and Fall Time: < 20ns 
Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 
Outputs; 0.8V and 2.0V 


Page Data Latch ibe ae lee Program Program Verify 


aT NS, SOR ONES! 
‘ann aie ame 


eos eae 
Fai ) ( ¥—- ) 


7 —en 
a nf 
" Cs + 
PGM 
a 
OE , 
m@ ERASE 


Erasure of HN27C101G is performed by exposure to ultraviolet light of 2537 A and all the output data 
are changed to “1” after this erasure procedure. The minimum integrated dose (i.e. UV intensity x 
exposure time) for erasure is 15W+sec/cm? 





Ao, Ai 
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HN27C101G Series 


SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 


Supply Current Icc2 (Normalizd ) 
Supply Current Icc2 (Normalized | 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 


SUPPLY CURRENT vs. FREQUENCY ACCESS TIME vs. SUPPLY VOLTAGE 


Supply Current Icc2 (Normalizd) 
Access Time tacc, ¢tce {Normalized ) 





Frequency { (MHz) Supply Voltage Vcc (V) 


ACCESS TIME vs. AMBIENT TEMPERATURE 


Access Time tacc, tce (Normalized) 





Ambeint Temperature Ta (°C) 
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HN27C1OIP Series 


131072-word x 8-bit CMOS One Time Electrically Programmable ROM 


The HN27C101P Series are 131072-word x 8-bit one time HN27C1OIPS ) — x 
electrically programmable ROM. Initially, all bits of the 
HN27C101P/FP series are in the ‘’1”’ state (output high). 

Data is introduced by selectively programming “0” into the 
desired bit locations. This device is packaged in 32 pin plastic 
package, therefore, this device cannot be rewritten and erased. 


Features 
@ High speed 
ACCESS TIMOC. 2 us be ig Sue aa wl en 200/250 ns (max.) 
@ Low power dissipation 
Active mode 50 mW/MHz (typ.) 
Standby mode 5 wW (typ.) 
@ Single power supply ...............0000- +5 V+5% 
@ High performance program mode and high performance page 
program mode 
Program voltage: +12.5 V DC 
High performance programming available 
© State. ab g ie Hore nnd ewe RAS BSH No clocks required 
@ Inputs and outputs TTL compatible during both read and 
program modes 


HN27C101IFPy |) —z% 


Ordering Information 


Type No. Access time Package 
HN27C101P-20 200ns 600 mil 32 pin 
HN27C101P-25 250ns Plastic DIP 
HN27C101FP-20 200ns 32 pin 
HN27C101FP-25 250ns Plastic SOP 


Pin Description 
Pin name Function 
AO —A16_ Address (Top View) 
00-07 Input/Output” 
CE Chip enable 
OE Output enable 





Vcc Power supply 

" Vpp _ Programming power supply 
Vss Ground 
PGM Programming enable 


NC No connection 
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HIND 7C101P Series a ee SS SSS 


Block Diagram 




















A; = | 
4 A 1024 x 1024 
7 S MEMORY 
i iS MATRIX 
Ais°— ~< 
I One 
| " Y GATING 
oe 
eee nbesd 
CE ae ae) 
OB. Sd 
PGMe ; Aae Aio® An 
Voc o-— 
Vining 
Up Be: HIGH THRESHOLD 
Vsso— INVERTER 
™ Mode Selection 
CE OE PGM Vpp Vcc Outputs 
Mode (22) (24) (31) (1) (32) (13 — 15,17 —- 21) 
Read VIL VIL VIH Vcc Vcc Dout 
Output Disable VIL Vin Vin Vcc Vcc High Z 
Standby Vin Xx X Vcc Vcc High Z 
Program VIL Vin VIL Vpp Vcc Din 
Program Verify VIL VIL Vin Vpp Vcc Dout 
Page Data Latch Vin VIL ViIH Vpp Vcc Din 
Page Program ViH ViH VIL Vpp Vcc High Z 
VIL VIL VIL 
V Vv Vv 
Program Inhibit a al a Vip Voc High Z 
VIH VIL VIL 
VIH VIH VIH 
Notes) 1. X: Don’t care. 
2. 30 pin should be connected to 32 pin. 
Absolute Maximum Ratings 
Item Symbol Value Unit 
All input and output voltages*! Vins Vout —0.6*? to +7.0 Vv 
Vpp voltage*? Vpp ~0.6 to +13.0 Vv 
Vcc voltage*! Vcc -0.6 to +7.0 Vv 
Operating temperature range Topr 0 to +70 i 
Storage temperature range Tstg -55 to +125 , : 
Storage temperature range under bias Tbias ~10 to +80 a 
Notes) *1. With respect to Vss 
*2. ~—1.0 V for pulse width © 50 ns 
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HN27C101P Series 


Read Operation 
DC Characteristics (Ta = 0 to +70°C, Vec = 5V t 5%, Vpp = Vac) 


Parameter Symbol min. typ. max. Unit Test Conditions 
Input Leakage Current Ipy _ — 2 MA Vin = 5.25V 
Output Leakage Current ILo ~ — 2 MA -Voyt = 5.25V/0.45V 
Vpp Current Ipp _ 1 20 HA Vpp = 5.5V 
Vcc Current ‘SBI Z = sib we = VK 
Isp - 1 20 BA CE = Vcc +0.3V 
Icc1 - — 30 mA CE=Vjyz, Ioyut = OMA 
Vcc Current Icc2 - _ 30 mA  f=5 MHz, Ipyt = OmA 
Icc3 — — 15 mA f= 1MHz, Ipy¢=OmA 
Input Low Voltage VIL 0.31 ~ 0.8 V 
Input High Voltage Vin 2.2 _ Vecti*2 Vv 
Output Low Voltage VOL _ — 0.45 V Io, = 2.1mA 
Output High Voltage VoH 2.4 _ _ Vv Ion = ~400uA 


Notes) *1. -1.0V for pulse width S 50ns. 
*2. Voc + 1.5V for pulse width S 20ns. If Vyzyz is over the specified maximum value, read operation cannot be 
guaranteed. 
AC Characteristics (Ta = 0 to +70°C, Voc = 5V + 5%, Vpp = Vac) 
| HN27C101-20 HN27C101-25 

















Item Symbol wa “Ma OM Unit Test conditions 
Address to output delay tacc — 200 — 250 ns CE=OE= VIL 
CE to output delay tcE io 200 7 250 ns OE=VqL 
OE to output delay toE 10 70 10 100 ns CE= VIL 
OE high to output float tpF 0 50 0 60 ns CE=VIL 
Address to output hold toH 0 = 0 _ ns CE=OE=Vy, 





Note) tprF defines the time at which the output achieves the open circuit condition and data is no longer driven. 


Switching Characteristics 


Test Condition Input Pulse Levels: 0.45V to 2.4V 
Input Rise and Fall Time: S 20ns 
Output Load: 1 TTL Gate + 100pF 


Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 
Outputs; 0.8V and 2.0V 


Address 


Active Mode Standby Mode 


aeen Data Out Valid b> 





Capacitance (Ta = 25°C, f = 1 MHz) 











Parameter Symbol min. typ. max. Unit Test Conditions 
Input Capacitance Cin — — 10 pF Vin = OV 
Output Capacitance Cout _ — 15 pF Vout = OV 
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HN27C101P Series 


High Performance Programming 


This device can be applied the High Performance Pro- 


gramming algorithm shown 


in following flowchart. 


This algorithm allows to obtain faster programming time 
without any voltage stress to the device nor deteriora- 


tion in reliability of programmed data. 


SET PROG./VERIFY MODE 
Vep=12.5Vt0.3V Vec=6.0V10.25V 


Address = 0 


Address + 1—*Address 


Program torw=0.2n ms 


SET READ MODE 
Vec =5.0Vt0.25V, Ver = Veo 


High Performance Programming Flowchart 





DC Programming Characteristics (Ta = 25°C + 5°C, Voc = 6V + 0.25V, Vpp = 12.5 V + 0.3V) 


Parameter 


Input Leakage Current 


Output Low Voltage during Verify 
Output High Voltage during Verify 


Vac Current (Active) 
Input Low Level 
Input High Level 
Vpp Supply Current 


Symbol min. typ. 


VoL i = 
Von 2.4 7 


Vit —0.1"5 
Vin 22 _ Vcct0.5 *6 


Notes) *1. Voc must be applied before Vpp and removed after Vpp. 
*2. Vpp must not exceed 13V including overshoot. 
*3. An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 


*4. Do notalter Vpp either Vyz to 12.5V or 12.5V to Vyy when CE = Low. 
*5. —0.6V for pulse width S 20ns. 


Unit Test Conditions 
pA Vin = 6.25V/0.45V 
V Io, = 2.1mA 
Vv Ion = —400uA 
mA 
Vv 
V 
mA CE=PGM= Vy, 


*6. If Vyy is over the specified maximum value, programming operation cannot be guaranteed. 
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HN27C101P Series 


AC Programming Characteristics 
(Ta = 25° C# S.C. Voc = 6V £ 0.25V, Vpp = 12.5V +0.3V) 


Parameter Symbol min. typ. max. Unit Test Conditions 
Address Setup Time tas 2 — Us 
OF Setup Time tors 2 = a us 
Data Setup Time tps 2 — — US 
‘Address Hold Time tAH 0 ~ - Us 
Data Hold Time tpH Z _ _ MS 
OE to Output Float Delay tpr*l 0 a 130 ns 
V pp Setup Time tvps 2 - — Ms 
Vcc Setup Time tvcs 2 — - MS 
PGM Pulse Width during Initial Programming tpw 0.19 0.2 0.21 ms 
PGM Pulse Width during Over Programming topw*2 0.19 ~ 5.25 ms 
CE Setup Time tcES 2 ‘ ae Ms 
Data Valid from OE toE 0 — 150 ns 


Notes) *1. tp defines the time at which the output acheives the open circuit condition and data is no longer driven. 
*2. topw is defined as mentioned in flowchart. 


Switching Characteristics 


Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: S 20ns 

Reference Levels for Measurement Inputs; 0.8V and 2.0V 
Timing: Outputs; 0.8V and 2.0V 


Program Program Verify 


Address 


Reina Coe | In Stable 


Data Out Valid om 
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HN27C101P Series 


High Performance Page Programming 


This device can be applied the High Performance Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 


SET PAGE PROGRAM LATCH MODE 
Ver =12.5V£0.3V. Veo =6.0V +0.25V 


Address =0 


Address +-1—*Address 
Address + 1—Address 


Address + 1—Address 


SET PAGE PROG./VERIFY MODE 
Ver =12.5V +0.3V, Veco =6.0V+0.25V 


Program tew=0.2ms+5% 
Address + 1—Address 


Program topw =0.2n ms 


LAST 
Address? 


SET READ MODE 
Vec=5.0V£0.25V, Vir = Veo 


READ 
All Addres 


GO 


High Performance Page Programming Flowchart 





DC Programming Characteristics (Ta = 25°C + 5°C, Vec = 6V + 0.25V, Vpp = 12.5V + 0.3V) 


| Parameter Symbol min. typ. max, Unit Test Conditions 
Input Leakage Current Int — _ 2 MA Vin = 6.25V/0.45V 
Output Low Voltage during Verify VOL — _ 0.45 V Io, = 2.1mA 
Output High Voltage during Verify VoH 2.4 — = Vv Ion = 400A 
Vcc Current (Active) Icc — _ 30 mA 
Input Low Level Vin -0.1*5 - 0.8 V 
Input High Level Vin 2.2 —~ Vect0.5*6 V 


Vpp Supply Current Ipp - = 50 mA  CE=OE= Vyq, PGM = Vy, 


Notes) *1. Vcc must be applied before Vpp and removed after Vpp. 
*2. Vpp must not exceed 13V including overshoot. 
*3. An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 
*4. Do not alter Vpp either Viz to 12.5V or 12.5V to Vy, when CE=Low. 
*5. —0.6V for pulse width S 20ns 
*6. If Vizzis over the specified maximum value, programming operation cannot be guaranteed. 
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HN27C101P Series 
AC Programming Characteristics 
(Ta =25°C + 5°C, Voc = 6V £ 0.25V, Vpp = 12.5V + 0.3V) 


Parameter Symbol min, typ. max. Unit Test Conditions 

Address Setup Time t AS 2 — = MS 
OE Setup Time tors 2 _ ~ Ls 
Data Setup Time tps 2 _ ~ us 
Address Hold Time eee . 

taAHL 2 = — ys 
Data Hold Time tpH 2 — — MS 
OE to Output Float Delay tpF*l 0 -_ 130 ns 
Vpp Setup Time tvps 2 - - Us 
Vcc Setup Time tvcs 2 — _ MS 
PGM Pulse Width during Initial Programming tpw 0.19 0.20 0.21 ms 
PGM Pulse Width during Over Programming topw*2 0.19 — 5.25 ms 
CE Setup Time tcEs 2 = se US 
Data Valid from OE tor 0 = 150 ns 
OE Pulse Width during Data Latch tLw 1 — = bs 
PGM Setup Time tPGMS 2 = = MS 
CE Hold Time tcEH 2 _ _ Ms 
OEHoldTime =  topH 2... — = us 


Notes) *1. tpg defines the time at which the output acheives the open circuit condition and data is no longer driven. 
*2. topw is defined as mentioned in flowchart. 
Switching Characteristics 
Test Condition Input Pulse Levels: 0.45V to 2.4V 
Input Rise and Fall Time: S 20ns 
Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 
Outputs; 0.8V and 2.0V 


Page Data Latch Page Program Program Verify 


-A2~ Ale 
Ao, Ai 


S H 
Data i as Fai 
Data Out Valid 





Program and 
Verify 
by Programmer 





Recommended Screening Conditions 
Before mounting, please make the screening (baking 
without bias) shown in the right. 















Baking at 
125to 150 C 
for 24 to 48 hrs 















Ensuring 
Read-out 





Recommended 
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HN27C301G Series 


131072-word X 8-bit CMOS U.V. Erasable and Programmable ROM 


@ FEATURES 

@ Single Power Supply ...............00.. +5V +5% 

@ High Performance Program Mode and High Performance 
Page Program Mode...... Program Voltage: +12.5V DC 
eee eee ee High Performance Programming Available 

@ SlatiC oe 6 sw SESE No Clocks Required 

@ Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

@ Access Time .......... 170/200/250ns (max.) 

@ Low power Dissipation .. 50mW/MHz typ. (Active Mode) 

5uW typ. (Standby Mode) 
@ Pin Compatible with 1Mbit MASK ROM (28pin type) 


@ ORDERING INFORMATION 







Package 






HN27C301G-17 
HN27C301G-20 
HN27C301G-25 


600 mil 32 pin Cerdip 







# BLOCK DIAGRAM 














1024 x 1024 
MEMORY 
MATRIX 


Sal A] Y GATING 
| Fsq |Y DECODER 


X DECODER 


me 










(Top View) 





Be: HIGH THRESHOLD 
INVERTER 






= MODE SELECTION 


CE OE PGM V pp , Vec Outputs 
Mode (22) (2) (31) (1) (32,30)* | (13~15,17~21) 


9 
a 














Read vi Dou 
Output Disable Vin Voc Voc High Z 
Standby x Voc Voc High Z 
Program Vin V pp Voc Din 
Program Verify Vin Vpp Veo Dout 
Page Data Latch Viez Vin Vpp Voc Din 
Page Program V pp Voc High Z 
Vib 
Program Inhibit VIL Vi Vpp Voc High Z 
Vin 
Vin Vin 
Notes) *1. XX: Don’t care 
*2. 30 pin should be connected to 32 pin. 
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HN27C301G Series 


# ABSOLUTE MAXIMUM RATINGS 





All Input and Output Voltages”! Vv 
Operating Temperature Range °C 
Storage Temperature Range ae 
Storage Temperature Range Under Bias °C 


Notes) *1. With respect to Vgg. 
*2. ~1.0V for pulse width S 50ns. 
# READ OPERATION 
@ DC CHARACTERISTICS (7, = 0 to +70°C, Vec=5V +5%, Vpp=Vcc) 





Parameter Test Conditions Unit 
Input Leakage Current Thy Po - | 2 | uA 
Output Leakage Current iG Vout=5-25V/0.45V A 
V pp Current I pp] V pp=5.5V MA 


'sB1 CE=Vin 

I sB2 CE=Voc +0.3V 

CE=Vy1,/oyut=0mA 

f=SMHz, [oy;=0mA 

fHAMHz, Joy42¢=O0mA 
eel 

Output Low Voltage 


Output High Voltage Vou Ton = —400yA 


Notes) *1. ~1.0V for pulse width S 50ns. 
*2. Voc + 1.5V for pulse width S 20ns. If V7zy is over the specified maximum value, read operation cannot be 
guaranteed. 


@ AC CHARACTERISTICS (7, =0 to +70°C, Voc=5V +5%, Vpp=Vcc) 


HN27C301G-17 HN27C301G-20 HN27C301G-25 
Parameter Symbol} Test Conditions Unit 
min. max, in. F min. : 
10 


mA 
pA 


Voc Current 





Siro 
3 
> 


Icc1 
Voc Current Iece2 









3 
> 





Ioc3 
Input Low Voltage 


Input High Voltage 


rn} d 
NI] w 


3 mi Wi w 
+ amo S & 
-” 
N 
3 
> 


Vib 
VIH 


<1<} << 


ed 
‘p 








= 
=} 
3 
i) 
* 





—] 
3 
NK 
Le) 
B 


tr 
~— 
j=) 


ns 





Address to Output Delay | tacc CE=OE=Vy, | - | 1 20 ns 

CE to Output Delay tcp | OE=Viz 170 20 

OE to Output Delay tOoE aa 70 

OE High to Output Float | tpr | CE=Vzz, eel 
oe 


Address to Output Hold ton | CE=OE= Vz, 


ns 


wr 
* 


oi) 


—_ 

jo) oO 
=| 
~ i.) 
CO}Oo;o!]o!]xK 

— 

jon) 

oS 


ns 





ns 


Note) tp defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 


@ SWITCHING CHARACTERISTICS 


e Test Condition Input Pulse Levels: 0.45V to 2.4V 
Input Rise and Fall Time: S 20ns 
Output Load: 1 TTL Gate + 100pF 





Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 
Outputs; 0.8V and 2.0V 
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HN27C301G Series 


Address Sa 
CE 
Standby Active Mode Standby Mode 
Mode 
OE 


i — 
. ton 


Data Out +44 Data Out Valid p>p 


@ CAPACITANCE (7, =25°C, f=1MHz) 


A a 
me oe ee 


















Input Capacitance in 


@ HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Pro- 
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time 
without any voltage stress to the device nor deteriora- 
tion in reliability of programmed data. 


Output Capacitance 










SET PROG./VERIFY MODE 
Vep=12.5Vt0.3V Vec=6.0V+0.25V 


Address= 0 


| 


Address + 1—Address 
Program torw=0.2n ms 






SET READ MODE 
Veco =5.0V+0.25V, Ver = Veo 


High Performance Programming Flowchart 
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HN27C301G Series 


© DC PROGRAMMING CHARACTERISTICS (77, =25°C +5°C, Voc=6V £0.25V, Vpp=12.5V +0.3V) 


Parameter 


Test Conditions 


ee 
Input Leakage Current 
Output Low Voltage during Verify 


IoL= =2.1mA 


Output High Voltage during Verify 
Vcc Current (Active) 
Input Low Level 


Input High Level 


V pp Supply Current 


Notes) *1. Vcc must be applied before Vpp and removed after V pp. 
*2. Vpp must not exceed 13V including overshoot. 


min [op] max 
a= easvieass] | -—| 2] 9 
ae I 


Unit 


*3_. An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 


*4, Do not alter Vpp either Vz, to 12.5V or 12.5V to Vz, when CE = Low. 
*5_ —0.6V for pulse width S 20ns 
*6. If Vyz7 is over the specified maximum value, programming operation cannot be guaranteed. 


© AC PROGRAMMING CHARACTERISTICS 
(T,=25°C £5°C, Voc=6V +0.25V, Vpp=12.5V +0.3V) 


[est Conaions [min [Os 
CF 


Parameter Symbol 


Address Setup Time 


” n 


na 


OE Setup Time ae 
Data Setup Time 
Address Hold Time taH 


Data Hold Time 


OE to Output Float Delay 130 


V pp Setup Time typs 


Vcc Setup Time tycs 


PGM Pulse Width during Initial Programming 0.21 


5.25 


pw 
topw 
(CES 


PGM Pulse Width during Overprogramming 
CE Setup Time 
Data Valid from OE 


150 


Unit 
MS 
MS 
Ms 
Ms 
us 


ns 


ns 


Notes) *1. tp defines the time at which the output acheives the open circuit condition and data is no longer driven. 


*2. topw is defined as mentioned in flowchart. 
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HN27C301G Series: 


© SWITCHING CHARACTERISTICS 





Input Pulse Levels: 0.45V to 2.4V 
Input Rise and Fall Time: S 20ns 
Reference Levels for Measurement Inputs; 0.8V and 2.0V 
Timing: Outputs; 0.8V and 2.0V 
Program Program —— ene 
Data Data In eee Data Out Wohi =} 
° I 
ives 
Vcc 
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HN27C301G Series 


® HIGH PERFORMANCE PAGE PROGRAMMING 


This device can be applied the High Performance Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 


START 


SET PAGE PROGRAM LATCH MODE 


Vir =12.5V+0.3V. Veo =6.0V 40.25V 





Address = 0 


Latch 
Address + 1—Address 













SET PAGE PROG. VERIFY MODE NO 


Ver =12.5V £0.3V. Ver =6.0V +0. 25V 


Program tpw=0.2ms +5% 


ES 










Address + 1—Address 






Program topw=0.2n ms 


LAST 
Address? 


SET READ MODE 
Veco =5.0V+0.25V. Veep = Veco 









READ 
All Addres 
GO 
END FAIL 


High Performance Page Programming Flowchart 
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HN27C301G Series 


@ DC PROGRAMMING CHARACTERISTICS (7,=25°C +5°C, Voc=6V £0.25V, Vppe12.5V +0.3V) 


Input Leakage Current Pie [rare — [3 BA 
Output Low Voltage during Verify | Vor [for=21mA | = | 045 | V 
Output High Voltage during Verify Be Aa A V 
Input High Level oa SS = Voc+05*6} V 
V pp Supply Current Ipp CE=OE#V jy, PGM=V 7, Pp - | - | 50 mA 


Notes) 


. Voc must be applied before Vpp and removed after Vpp. 

. Vpp must not exceed 13V including overshoot. 

An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 
. Do not alter Vpp either V;) to 12.5V or 12.5V to Vz, when CE=Low. 

-0.6V for pulse width S 20ns. 

If Vyzy is over the specified maximum value, programming operation cannot be guaranteed. 


@ AC PROGRAMMING CHARACTERISTICS (High Performance Page Programming) 
(Tg=25°C £5°C, Vec=6V +0.25V, Vpp=12.5V +0.3V) 


7 a is 
OE to Output Float Delay tor! aman 5k BEE 130 ns 
PGM Pulse Width during Initial Programming ee ee eae ms 
PGM Pulse Width during Overprogramming Coa ae 5.25 ms 
Data Valid from OE tOr re ae 150 ns 
OE Pulse Width during Data Latch tow ee us 


Notes) *1. tp - defines the time at which the output acheives the open circuit condition and data is no longer driven. 
*2. topy is defined as mentioned in flowchart. 
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—§HN27C301G Series 


@ SWITCHING CHARACTERISTICS 
e Test Condition Input Pulse Levels: 0.45V to 2.4V 


Input Rise and Fall Time: < 20ns 
Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 
Outputs; 0.8V and 2.0V 


Page Data Latch Page Program Program Verify 





m@ ERASE 

Erasure of HN27C301G is performed by exposure to ultraviolet light of 2537 A and all the output data 
data are changed to “1” after this erasure procedure. The minimum integrated dose (i.e. UV intensity 
x exposure time) for erasure is 15W. sec/cm? 
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HN27C301G Series 


SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT. TEMPERATURE 


Ta=25°C 
Vin = Vec/Vss 
f=5MHz 


Supply Current Icc2 (Normalizd) 
Supply Current Icce (Normalized ) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
SUPPLY CURRENT vs. ACCESS TIME vs. SUPPLY VOLTAGE 
FREQUENCY 


Supply Current Icc2 (Normalizd) 
Access Time tacc, tce (Normalized ) 





Frequency f (MHz) Supply Voltage Vcc (V) 


ACCESS TIME vs. 
AMBIENT TEMPERATURE 


Access Time tacc, tce (Normalized) 





Ambeint Temperature Ta (°C) 
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HN27C301P 


131072-word x 8-bit CMOS One Time Electrically Programmable ROM 


The HN27C301P Series are 131072-word x 8-bit one time HN27C301P Series 
electrically programmable ROM. Initially, all bits of the 
HN27C301P/FP Series are in the ‘'1’’ state (output high). 

Data is introduced by selectively programming “0” into the 
desired bit location. This device is packaged in 32 pin plastic 
package, therefore, this device cannot be rewritten and erased. 


Features 
@® High speed 
PACGOSS TIME. a ace ees do. a GS wn, Se 200/250 ns (max.) 
@ Low power dissipation 
Active mode 50 mW/MHz (typ.) 
Standby mode 5 pW (typ.) 
@ Single power supply +5V + 5% 
@ High performance program mode and high performance page 
program mode 
Program voltage: +12.5 V DC 
High performance programming available 
StatiC ss aie. au-w ie a ee ene ae a ee ee No clocks required 
Inputs and output TTL compatible during both read and 
program modes. 


Ordering Information 


Type No. Access time Package 
HN27C301P-20 200ns 600 mil 32 pin 
HN27C301P-25 250ns Plastic DIP 
HN27C301FP-20 200ns 32 pin 
HN27C301FP-25 250ns Plastic SOP 


Pin Description 
Pin name Function 
AQ —Al16_ Address 
00 —O7 Input/Output 
CE Chip enable 
OE Output enable 





(Top View) 





Vcc Power supply 

~ Vpp __ Programming power supply 
Vss Ground 
PGM __s— Programming enable 


NC No connection 
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HN27C301P Series — ——@—@ $$ $$ 


Block Diagram 


1024 x 1024 
MEMORY 
MATRIX 


| | Y GATING 


Y DECODER 
1 


wy 


een En 4 
St ees Tan Geer =” 
eae eS 


Ao Ay ° Ages An 


Be: HIGH THRESHOLD 
INVERTER 





m Mode Selection 


CE OE PGM Vpp Vcc Outputs 
Mode (22) (24) (31) (1) (32) (13 — 15,17 — 21) 
Read Vit Vin Vin Vcc Vec Dout 
Output Disable VIL Vin Vin Vcc Vcc High Z 
Standby Vin Xx x Vcc Vcc High Z 
Program VIL Vin VIL Vpp Vcc Din 
Program Verify VIL VIL Vin _Vpp Vcc Dout 
Page Data Latch Vin VIL Vin Vpp Vcc Din 
Page Program VIH Vin VIL Vpp Vcc High Z 

VIL VIL VIL 
Program Inhibit | |: |: Vpp Vcc High Z 

VIH VIL VIL 

VIH Vin VIH 


Notes) 1. X: Don’t care. 
2. 30 pin should be connected to 32 pin. 


Absolute Maximum Ratings 




















Item Symbol Value Unit 
All input and output voltages*! Vine Voit -0.6*? to +7.0 » Vv 
Vppvoltage*! = itsti‘<‘s;é™*™*™*CiiSSC*™” ~0.6 to +13.0 Vv 
Vcc voltage*! Vcc -0.6 to +7.0 V 
Operating temperature range Topr 0 to +70 i 6: 
Storage temperature range T stg -55 to +125 °C 
Storage temperature range under bias Tbias -10 to +80 *C 








Notes) *1. With respect to Vgg 
*2. -1.0 V for pulse width $ 50 ns 


© HITACHI 
610 Hitachi America Ltd. * 2210 O'Toole Ave. * San Jose, CA 95131 © (408) 435-8300 


HN27C301P Series 


Read Operation 
DC Characteristics (Ta = 0 to +70°C, Voc = 5V + 5%, Vpp = Voc) 


Parameter Symbol min. typ. max. Unit Test Conditions 
Input Leakage Current hy — _ 2, uA Vin = 5.25V 
Output Leakage Current Iho — — 2 HA Vout = 5.25V/0.45V 
Vpp Current Ipp} - 1 20 HA Vpp = 5.5V 
Vcc Current a) | See Nc ROL . - ail Ss fies 
Ion? - 1 20 uA CE =Vcc +0.3V 
Icc1 = — 30 mA  CE= Vyz, Iout = OMA 
Vcc Current le ”*~<‘<‘<i‘~s!”#*~*~”:CS”~*~*~*tiMAS*« ES Mz Qe = OMA 
legs -tiC”t*~<is~é‘i‘iS mA MZ Igy OMA 
Input Low Voltage VIL -0.3*1 - 0.8 V 
Input High Voltage Vin 2.2 ~~ Vecti*2 OV 
Output Low Voltage VoL ~ _ 0.45 Vv Io, = 2.1mA 
Output High Voltage VoH 2.4 — _ Vv Ion = ~400uA 


Notes) *1. -1.0V for pulse width S 50ns. 


*2, Vec+1.5V for pulse width S 20ns. If Vyp is over the specified maximum value, read operation cannot be 
guaranteed. 


AC Characteristics ((Ta = 0 to +70°C, Voc = 5V + 5%, Vpp = Voc) 








Item Symbol ee alee Unit Test conditions 
Address to output delay tacc ae 200 = 250 ns CE=OE= Vy, 
CE to output delay tcE = 200 = 250 ons OF= Vi, 
OE to output delay toE 10 70 10 100 ns CE=Viz, 
OE high to output float tpF 0 50 0 60 ns CE= Vy. 
‘Addresstooutputhold == =©0ton——(<‘i aktw*é‘ésé)O™~*™*™”*~«t”CUUCUlUs) UCEROERV 


Note) tpF defines the time at which the output achieves the open circuit condition and data is no longer driven. 


Switching Characteristics 


Test Condition Input Pulse Levels: 0.45V to 2.4V 
Input Rise and Fall Time: < 20ns 
Output Load: 1 TTL Gate + 100pF 


Reference Levels for Measuring Timing: Inputs;0.8V and 2.0V 
Outputs;0.8V and 2.0V 


Address 


Active Mode Standby Mode 


Data Out 444 Data Out Valid op 





Capacitance (Ta = 25°C, f = 1 MHz) 














Parameter Symbol min. typ. max. Unit Test Conditions 
Input Capacitance Cin — - 10 pF Vin = OV 
Output Capacitance Cout — — 15 pF Vout = OV 
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HN27C301P Series 


High Performance Programming 

This device can be applied the High Performance Pro- 
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time 
without any voltage stress to the device nor deteriora- 
tion in reliability of programmed data. 


SET PROG./VERIFY MODE 
Ver=12.5Vt0.3V Vec=6.0V+0.25V 


Address = 0 


n+1l—n 








NO 


Frogram trw=0.2ms+5% VES 
Address + 1—*Address Ear 


i> 


SET READ MODE 
Vcc =5.0V0.25V, Ver = Vee 


READ 
All Address 
Ico 


Cex) 


High Performance Programming Flowchart 


DC Programming Characteristics (Ta = 25°C + 5°C, Voc = 6V ¢ 0.25V, Vpp = 12.5V + 0.3V) 


Parameter Symbol min. typ. max. Unit Test Conditions 

Input Leakage Current Int — = 9 vA Vin = 6.25V/0.45V 
Output Low Voltage during Verify VOL ~ _ 0.45 V Ioy = 2.1mA 
Output High Voltage during Verify VoH 2.4 - _ V Ioy = —400uA 
Vcc Current (Active) Icc — — 30 mA 
Input Low Level VIL -0.1*5 ~ 0.8 V 
Input High Level Vin 2.2 — Voectr0.5*6 Vv 
Vpp Supply Current Ipp ~ — 40 mA CE=PGM=Vjy,, 
Notes) *1. Vecmust be applied before Vpp and removed after Vpp. 

*2. Vppmust not exceed 13V including overshoot. 

*3. An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 

*4. Do notalter Vpp either Vyy to 12.5V or 12.5V to Vyz, when CE = Low. 

*5. —0.6V for pulse width S 20ns. 

*6. If Vipzis over the specified maximum value, programming operation cannot be guaranteed. 
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HN27C301P Series 


AC Programming Characteristics 
(Ta = 25°C + 5°C, Voc = 6V £ 0.25V, Vpp = 12.5V + 0.3V) 


Parameter Symbol min, typ. max. Unit Test Conditions 
Address Setup Time tas 2 _ _ us 
OE Setup Time tors 2 = = Ms 
Data Setup Time tps 2 _ _ MS 
Address Hold Time taH 0 - Ms 
Data Hold Time tpH 2 = — us 
OE to Output Float Delay tpr*l 0 = 130 ns 
Vpp Setup Time tvps 2 — _ us 
Vcc Setup Time tvcs 2 — — Ms 
PGM Pulse Width during Initial Programming tpw 0.19 0.2 0.21 ms 
PGM Pulse Width during Over Programming topw*2 0.19 S 5.25 ms 
CE Setup Time tcES 2 = = bs 
Data Valid from OE tor 0 - 150 ns 


Notes) *1. tpg defines the time at which the output acheives the open circuit condition and data is no longer driven. 
*2. topw is defined as mentioned in flowchart. 


Switching Characteristics 


Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: S 20ns 

Reference Levels for Measurement Inputs; 0.8V and 2.0V 
Timing: Outputs; 0.8V and 2.0V 


Program Program Verify 


Address 


Data Out Valid ae 
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HN27C301P Series 


High Performance Page Programming 


This device can be applied the High Performance Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 








SET PAGE PROGRAM LATCH MODE 
Ver =12.5V+0.3V. Veo =6.0V +0.25V 


Address = 0 


Address + 1—Address 


Address + 1—*Address 
Address + 1—Address 


SET PAGE PROG. VERIFY MODE 
Ver =12.5V+0.3V, Veo =6.0V40.25V 


Program tew=0.2ms+5% 
Address + 1—Address 


LAST 

Address? 
SET READ MODE 
Vec=5.0V+0.25V, Veep =Vec 


READ 
A uy Address 


GO 
D 


EN 


High Performance Page Programming Flowchart 


DC Programming Characteristics (Ta = 25°C + 5°C, Voc = 6V t 0.25V, Vpp = 12.5V + 0.3V) 


Unit 
vA 


< 


Test Conditions 
Vin = 6.25V/0.45V 
Io, = 2.1mA 
Ion = —400KA 


CE = OE = Vin. PGM = Vy 


Parameter Symbol min. typ. max. 
Input Leakage Current In = _ 2 
Output Low Voltage during Verify VOL ~ — 0.45 
Output High Voltage during Verify VoH 2.4 -- — 
Vcc Current (Active) Icc _ _ 30 
Input Low Level VIL ~0.1"*5 7 0.8 
Input High Level Vin 2.2 —~  Vecr0.5*6 
Vpp Supply Current Ipp - ~ 50 
Notes) *1. Voc must be applied before Vpp and removed after Vpp. 
*2. Vpp must not exceed 13V including overshoot. 
*3. An influence may be had upon device reliability if the device is installed or removed while Vpp=12.5V. 
*4. Do not alter Vpp either Vip to 12.5V or 12.5V to Vyz when CE=Low. 
*5. ~0.6V for pulse width S 20ns 
*6. If Vip is over the specified maximum value, programming operation cannot be guaranteed. 
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HN27C301P Series 
AC Programming Characteristics 


(Ta = 25°C + 5°C, Voc = 6V £ 0.25V, Vpp = 12.5V + 0.3V) 


Parameter Symbol min, typ. max, Unit Test Conditions 

Address Setup Time tas 2 - — us 
OE Setup Time tors 2 — _ us 
Data Setup Time tps 2 _ us 
Address Hold Time ‘AH 2 = S fe 

taHL 2 = = MS 
Data Hold Time tpH 2 = _~ MS 
OE to Output Float Delay tpr*l 0 = 130 ns 
Vpp Setup Time tvps 2 - — Ms 
Vcc Setup Time tvcs 2 — = Us 
PGM Pulse Width during Initial Programming tpw 0.19 0.20 0.21 ms 
PGM Pulse Width during Over Programming topw*2 0.19 ~ 5.25 ms 
CE Setup Time tcES 2 a3 = us 
Data Valid from OE tor 0 — 150 ns 
OE Pulse Width during Data Latch tlw 1 _ * us 
PGM Setup Time tpGMS 2 - - Us 
CE Hold Time tCEH 2 _ — Tks 
OE Hold Time toEH 2 - = us 


Notes) *1. tpg defines the time at which the output acheives the open circuit condition and data is no longer driven. 
*2. topw is defined as mentioned in flowchart. 


Switching Characteristics 
Test Condition Input Pulse Levels: 0.45V to 2.4V 
Input Rise and Fall Time: < 20ns 
Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 


Outputs; 0.8V and 2.0V 
Page Data Latch Page Program Program Verify 


Az~ Ais 


Ao, At 


LI—O 


saaecienl oi i - Valid 


ane + 1 
aT — 


i= 


Recommended Screening Conditions Program and 
Before mounting, please make the screening (baking Verify 

: . : ; by Programmer 
without bias) shown in the right. 





Baking at, 
125 to 150°C 
for 24 to 48 hrs 


Ensuring 
Read-out 





Recommended 


@ Hi IiTACH E Screening conditions 
Hitachi America Ltd. © 2210 O'Toole Ave. © San Jose, CA 95131 © (408) 435-8300 615 





© HITACHI 
616 Hitachi America Ltd. ¢ 2210 O'Toole Ave. « San Jose, CA 95131 © (408) 435-8300 





@ HITACHI 


Hitachi America Ltd. © 2210 O’Toole Ave. © San Jose, CA 95131 e (408) 435-8300 617 


HM10422 


256-word <x 4-bit Fully Decoded Random Access Memory 
The HM10422 is ECL 10K compatible, 256-word x 4-bit, read write, 
random access memory developed for high speed systems such as 
scratch pads and control buffer storages. 

Four active Low Block Select lines are provided to select each block 
independently. 

The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM10422 is encapsulated in cerdip-24 pin package, compatible 
with Fairchild’s F10422. 


M@ FEATURES 

256-word x 4 bit organization. 

Fully compatible with 10K ECL level 

Address access time: 10ns (max) 

Write pulse width: 6ns (min) 

Power dissipation: 0.8mW/bit 

Output obtainable by wired-OR (open emitter) 


MTRUTH TABLE 





—— cite Output Mode 
i 
oe ba Sa ie a 





Notes) X : Irrelevant 
* : Read out noninvert 


M BLOCK DIAGRAM 





(Top View) 


Y-Decoder/Driver 


aaaahl Cell Array 
256 Words <4 Bits 


. 
eo 
a 
ey 
a 
~ 
. 
3 
*) 
a 
a 
. 
=< 


Block 2 Block 3 
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SO HM 10422 


MABSOLUTE MAXIMUM RATINGS 


Item Rating Unit 
input Voltage 
Output Current — 30 
Storage Temperature —65 to +150 
Storage Temperature 


* Under Bias 
MELECTRICAL CHARACTERISTICS 

(Vee™—5.2V, Ri~50N to —2.0V, Ta~0 to +75°C, air flow exceeding 2m/sec) 
@DC CHARACTERISTICS 


sldlejele 


















Item [Symbol [Test Condition =| min(B) | typ | maxi) | Unit 
[oC | ~1000 | | 840 
Vow | esc | 960 | = — | —810 
Aioce a Viw= Vina | tse | -900 | = - | -70|; 
teres or Vive Porc | ~ 1870 [| — | — 1665 | * 
Vou | tasrc | —1850 | — | —1650 | 
| +7src | —1830 | — | —1625 | 
an i a aa 
2 eee 
Output Threshold Voltage Vin Vina or Vina Re ef mV 
Vouc | tec | | | 1630 | 
ees eee ee 
Guaranteed Input Voltage : 
vn, | Gaerantend tort Voltese [age [ —iaso [= | uae | 
se | =a [=f 0 
Input Curren i ooo (rae ee 
Be eo 
All Input and Output Open, 
@®AC CHARACTERISTICS 
1. READ MODE 
Block Select Access Tine [tans | Caer (ena Ce es 
Block Select Recovery Time | txss__| eS ee ee ee eek gene 
2. WRITE MODE 
Item Test Condition | min typ | max Unit 
maawan i, een we ee 
Date Setup Tine ce ee ee 
Address Setup Time | tvs | tootsie 
hiiress Hold Time [tows (es Ta a aT 
Block Select Setup Time [trees a eee 
Block Select Hold Time | wren (es ee ei a GE 
Write Dissle Time [ter ee ee 
Write Recovery Tine [tw] a ee 
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HM10422 


3. RISE/FALL TIME 


Output Rise Time 





Output Fall Time 


4. CAPACITANCE 


Input Capacitance 


Output Capacitance 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 


Test Circuit 
Vec(GND) 


0.01luF 





ae Ri =50Q 
Cz =30pF( includes 


probe and jig 
capacitance) 


3. READ MODE 


BS 50% 

| 

| tras 

f taBs jo} 

i {80% 
Dout | sd | 
| 20% 
| ty 


4. WRITE MODE 


ieee NE orem aero 





2. INPUT PULSE 


-0.9V ———— 





-L7V 


“| 
[ 


t= t)=2.0ns typ 


Address 


Dout 
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Supply Current lee (mA) 


Address Access Time taa (ns) 


Block Select Access Time taas (ns) 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 








HM10422 








160 o> 
= 
3 
120 = 
100 
Riad 
80 
- 20 0 20 40 60 80 100 — 5.72 — 5.20 — 4.68 
Ambient Temperature Ta (‘C) Supply Voltage Ver (V) 
ADDRESS ACCESS TIME vs. ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 
é 
i 
2 
5 
< 
5.20V 
~ 20 0 20 40 60 80 100 
Ambient Temperature Ta {‘C) Supply Voltage Vee (V) 
BLOCK SELECT ACCESS TIME BLOCK SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 


Block Select Access Time taas (ns) 





5.72 — 5.20 


Ambient Temperature Ta ("C) Supply Voltage Vee (V) 
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— 4.68 





621 





HM10422 


Write Pulse Width (ns) 


622 





' 


WRITE PULSE WIDTH vs. WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 





? 
¥ 
sé 
2 
= 
$ 
é 
2 
= 
—20 0 20 40 60 80 100 
Ambient Temperature Ta (‘C) Supply Voltage Vee (V) 
‘ 
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HM 10422-7 


256-word x 4-bit Fully Decoded Random Access Memory 


The HM10422 is ECL 10K compatible, 256-word x 4-bit, read write, 
random access memory developed for high speed systems such as 
scratch pads and control buffer storages. 

Four active Low Block Select lines are provided to select each block 
independently. 

The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM10422 is encapsulated in cerdip-24 pin package, compatible 
with Fairchild’s F10422. 


FEATURES 

256-word x 4 bit organization 

Fully compatible with 10K ECL level 

Address access time: 7ns (max) 

Write pulse width: 4ns (min) 

Power dissipation: 1.0 mW/bit 

Output obtainable by wired-OR (open emitter) 


MTRUTH TABLE 





Not Selected 
Write “0” 
Write “1” 














Notes) x : Irrelevant 
* : Read out noninvert 


MBLOCK DIAGRAM 





(Top View) 


Y-Decoder/Driver 


Memory Cell Array 
256 Words %4 Bits 


. 
> 
. 

Qa 

~ 
. 

3 
v 
LY 

a 

’ 
~< 


Block | Block 2 Block 3 Block 4 


EO R/W Circuit | R/W Circuit | R/W Circuit | R/W Circuit 





G28 2438 
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S 


Di, oO 
BS: © 
Di: © 
Dl co 


S| 


BS: © 


— 


HM10422-7 


MABSOLUTE MAXIMUM RATINGS 


Item Symbol Rating Unit 
Sunny Veta ; 
input_Volteg v 
Output Current ee 
Storage Temperature *C 
Storage Temperature °C 


* Under Bias 


MELECTRICAL CHARACTERISTICS 


(Vee=—5.2V, Ri=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


@DC CHARACTERISTICS 


Item 





Von 
Vin = Vina 
Output Voltage 
or Vite 
Vou 
Output Threshold Voltage Vin Vine or Vita 
V Guaranteed Input Voltage 
= High for All Inputs 
Input Voltage 
Guaranteed Input Voltage 
Vie 


Low for All Inputs 


Tin Vin= Vina 


a Loe 


All Input and Output Open, 
Test Pin 12 


Input Current I 


tL 
Supply Current lee 


@AC CHARACTERISTICS 
1. READ MODE 


Item Symbol Test Condition 


Block Select Access Time ae 


Test Condition 
twsa. = 2ns 


© HITACHI 


Block Select Recovery Time 


Address Access Time 


2. WRITE MODE 


Item 
Write Pulse Width 
Data Setup Time | 
Data Hold Time 
Address Setup Time 
Address Hold Time 
Block Select Setup Time 
Block Select Hold Time 
Write Disable Time 


Write Recovery Time 





S 
o) 


+/+ 
~ | 0 
on] 
QAO 


S 
o) 


oO 


0 to +75° 
0 to +75" 


Ta=0°C 
Ta=75°C 


i 


typ 


typ 


a 
® 
- 
3 
2 
S. 
° 
3 
- 
< 


3 
i es 1} lj 
slgie eles 
So;o;lo o\|o 


= 


| 
pat 
> 
~ 
wn 


—_ 
a 


0 
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3 
& 
» 


Unit 


mV 


mV 


mV 


MA 


Unit 
ns 
ns 


ns 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


—_—— HM10422-7 


3. RISE/FALL TIME 





Output Rise Time _ a 
Output Fall Time ee ae 
4. CAPACITANCE 


ae oe = 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit 


Vec(GND) 





-0.9V ——— — 








-1.7V | | 
t t 
po| — 
‘ tt =2.0ns typ uy 
0.01luF ; 
ne Ri =50Q 
Cr =30pF( includes 
probe and jig 
capacitance) 
3. READ MODE 
$s 50%, * | 
| | Address 50% 
! \ 
b> tansod — | 
! ee 41 4 


Dout 1 50%, | 
I | 
, 4 14 li Dout 50% 
peed = 
t, f 


4. WRITE MODE 





twsn 


mesa mwas 


a) eam anom oan Ge KER FN GER ae ane ome 


tu sans 
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HM2112,HM2t112-1 


1024-word x 1-bit Fully Decoded Random Access Memory 


The HM2112 is an ECL compatible, 1024-word x 1-bit, read/write, 
random access memory developed for application to scratch pads, 
control and buffer memories, etc. which require high speeds. 


' BFEATURES 
@ \LOVEl- oe hehe bes nakea cto haneaeay: 10k ECL Compatible 
©. CONSHUCTION > second eersek aaa bs Shee 1024-word by 1-bit 
@ Address Access Time .............000- HM2112 10ns (max.) 
HM2112-1 8ns (max.) 
@ Chip Select Access Time ...............2000008 6ns (max.) 
@ Power Consumption ..............ee0e00: 0.8mW/bit (typ) 
@ Output Obtainable by Wired-OR (open emitter) (DG- 164) 
@ Fully Pin Compatible with F 10415 
MTRUTH TABLE MPIN ARRANGEMENT 


Input 


Mode 
we [om 





Not Selected 
Write “0” 
x : Irrelevant 


* : Read out noniverted 


sah sal ol oe 
. 


MBLOCK DIAGRAM 





Aeq 
a oy 32 32 
ee 32 Memory (Top View) 
(eee a 
Dheous 





X Address P 
Decoder 


As de ay Me rf 


M ABSOLUTE MAXIMUM RATINGS 


Input Voltage Vv 
Output Current Tout p= 80 | mA 
Storage Temperature 
“Sinkane Temperature T..(Bias)° 
* Under Bias 
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HM2112, HM2112-1 


MELECTRICAL CHARACTERISTICS 
(Vee =—5.2V, Ri.=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


@DC CHARACTERISTICS 











eo 
Output Voltage Vin= Vina or Vir pee ee mV 
ee Ee 
ase [=e [= 
Sich Veh ee ae armel av 
a a ed Me Bee 
ve [=e [=| 0 
ee 
Guaranteed Input Voltage ae eee 
ae see Ca 
a : es i co 
- All Input and Output Open, p—Tevwe | mao ff , 
®AC CHARACTERISTICS 
(Vee=—5.2V +5%, Ta~0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms) 
1. READ MODE 
Chip Select Access Time es ee ns 
Chip Select Recovery Time bh ee Sc oe a Ge ns 
Address Access Time | 3 | 65 | 8 | 3 | 7.5 | 10 | ns 
2. WRITE MODE 
= St ee Tore a ae 7 


Write Pulse Width 
Data Setup Time 
Data Hold Time 
Address Setup Time 
Address Hold Time 
Chip Select Setup Time lwscs 
Chip Select Hold Time twacs 
Write Disable Time 


: 
ns 
ns 





Write Recovery Time ns 
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HM2112, HM2112-1 


3. RISE/FALL TIME 






Output Rise Time 
Output Fall Time 





4. CAPACITANCE 


[Tet Godin | _ ain 





Input Capacitance 
Output Capacitance 


MTEST CIRCUIT AND WAVEFORMS 


1. LOADING CONDITION 2. INPUT PULSE 
GND 
-0.9V 
80% 
20% 
-1.7V 


te =t7=2.0ns typ 





-2.0V 


0.01uF 
af Rt =50Q 


Cr =pF( includes probe and jig capacitance) 





4. WRITE MODE 


cs 50% 





Address 
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lhe omA 


Supply Current 


taa (ns! 


Address Access Time 


Chip Select Access Time tacs (ns) 


HM2112, HM2112-1 


SUPPLY CURRENT SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 








< 
be 
160 a 
140 : 
oO 
120 a 
luo 
pf epee 
38U 
-2u uv 0 40 bu Mu 100 
Ambient Temperature fu '*C. Supply Voltage Vee (V) 
ADDRESS ACCESS TIME ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 
: 
-E 
2 
3 
Ambient Temperature Tg (°C) Supply Voltage Vee ‘V) 
CHIP SELECT ACCESS TIME CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 


Chip Select Access Time tacs (ns) 





-§572.. $20 ~4.68 


Ambient Temperature Ta (°C) Supply Voltage Vee (V) 
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HM2112, HM2112-1 7 


WRITE PULSE WIDTH WRITE PULSE WIDTH 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 





. = 
Ss a 
ne is 
2 4 = 
< 
= = 
= 3 
© 3 = 
—_ e 
& Ss 
2 & 
= 2 E 
= $ 

i 

0 

~20 0 20 40 60 80 100 

Ambient Temperature Ta (°C) Supply Voltage Vee (V) 
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HM104'74 


1024-word x 4-bit Fully Decoded Random Access Memory 


The HM10474 is ECL 10k compatible, 1024-words x 4-bit, read 
write, random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 

The fabrication process is the Hitachi’s low Capacitance, oxide 
isolation method with double metalization. 

The HM10474 is encapsulated in cerdip-24pin package, compatible 
with Fairchild’s F 10474. 


WM FEATURES 
@ 1024-word x 4-bit organization 





Low power dissipation: O.2mW/bit (DG-24N) 


Output obtainable by wired-OR (open emitter) 


@ Fully compatible with 10K ECL level 
@ Address access time: 25ns (max) 
@ Write pulse width: 25ns(min) 
@ 

e 


WPIN ARRANGEMENT 


MTRUTH TABLE 


Input 
nua Mode 


ae 


7) 


ec oe 


Notes) * : Irrelevant 
* | Read Out Nonivert 


MBLOCK DIAGRAM 





As Ar As As 


° O e 





Car sar ees 





(Top View) 








Memory Cell Array 
1024Words x 4 Bits 






X-Decoder/Driver 










ef eS 





oS: 
| cireve | circuit | 


6 g4 §€8 $4 8 


Al al 





M ABSOLUTE MAXIMUM RATINGS (Ta=25°C ) 


Supply Voltage +0.5 to —7.0 


Input Voltage +0.5 to Vee 


Output Current 


Storage Temperature —65 to +150 
Storage Temperature —55 to +125 


* Under Bias 





SidlBlele 
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HM10474 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez =—5.2V, Ri=50N to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 





i [Sra [Ten Condon Yi mes) [Ua 
| 840 | 
Von | _—810 | 
Output Voltage Vin Vina or Vira = 720 | mV 
| = 1665 | 
eed 
ee 
Output Threshold Voltage Vin= Vine or Vita ea mV 
[= 1645 
Voic | —1630 | 
Guaranteed Input Voltage : RE 
vie High for All Inputs TBe | = 1106 | | 810 | 
Input Vol +c | -1005 | — | -720 | 
t t m 
alas eenacd Waein ea ce 
V +25°C 
. Low for All Inputs | —1850 | — | —1475 | 
+75°¢ | —1830 | — | —1450 | 
| S [others | a ee 
@AC CHARACTERISTICS (Vee =—5.2V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec) 
1. READ MODE a 
Chip Select Recovery Time | — | = | w | ns 
Address Access Time | — | sw | 3 | ns 
2. WRITE MODE 


Write Pulse Width 
Data Setup Time 

Data Hold Time 
Address Setup Time 
Address Hold Time 
Chip Select Setup Time 
Chip Select Hold Time 
Write Disable Time 


Write Recovery Time 


N 
ba) 
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HM10474 


3. RISE/FALL TIME 


Output Rise Time 
Output Fall Time 





4. CAPACITANCE 


Input Capacitance be Oa. = A 

Output Capacitance 

MTEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. 


Test Circuit -0.9V 
Vec(GND) 









~1.7V 








Ri a Ci t.—t;—2.0ns 
iL) 
0.0luF Vee —2.0V Ri. =5S0Q 
ne Ci=30pF ( includes 
probe and jig 
capacitance) 
Address 5096 
taa 
Dout 50% 
CS 50% 50% 


Address 
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HM 106 16 SS SSS SS ee 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 





: a 
- ¢ 
” 
Ambient Temperature Te (‘C) Supply Voltage Vee (V) 
ADDRESS ACCESS TIME ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 
© é 
& = 
2 : 
g z 
< “ 
< 





—5.72 —5.20 — 4.68 
Ambient Temperature Ta (‘C) Supply Voltage Vee (V) 
CHIP SELECT ACCESS TIME CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 


Chip Select Access Time tacs (ns) 
Chip Select Access Time tacs (ns) 





Ambient Temperature Ta (‘C) Supply Voltage Vee (V) 
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Write Pulse Width tw (ns) 








WRITE PULSE WIDTH vs. WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


Write Pulse Width tw (ns) 


Ambient Temperature Ta (‘C) Supply Voltage Vee (V) 
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HM10474 
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HM10474-8,HM10474-10 


1024-word x 4-bit Fully Decoded Random Access Memory = 


The HM10474 is ECL 10k compatible, 1024-words x 4-bit, read 
write, random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 
The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 
The HM10474 is encapsulated in cerdip-24pin package, compatible 
with Fairchild’s F 10474. 
M@ FEATURES 
@ 1024-word x 4-bit organization 
®@ Fully compatible with 10K ECL level 
@ Address access time: HM10474-8 8ns (max) 
HM10474-10 10ns (max) 

@ Write pulse width: HM10474-8 5ns (min) 

~  HM10474-10 5ns (min) 
@ Low power dissipation: 0.3mW/bit 
@ Output obtainable by wired-OR (open emitter) 


(DG-24N) 





PIN ARRANGEMENT 


MTRUTH TABLE 


Input 
= Mode 
cs | WE | in 


Notes)  : Irrelevant 
# : Read Out Nonivert 


MBLOCK DIAGRAM 





As Ar As As 


[YF ieateormer 
Cr sar eas 





(Top View) 








Memory Cell Array 
1024Words x 4 Bits 






er Pe 
X-Decoder/Driver 


BABSOLUTE MAXIMUM RATINGS (Ta=25° ) 


Output Current | a mA 
Storage Temperature i“ 6 
Storage Terperature Cc 
* Under Bias 
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, HM10474-8, HM10474-10 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez = —5.2V, Ri=50N to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 





| = | 800 | 
Vow aes eee 
Output Voltage Vin= Vina or Vice 48 mV 
Vou | — | —1650 | 
| = | = 1825 | 
ee 
Output Threshold Voltage Vin Vina or Vira 2+ mV 
ct = | = | = 1605 | 
y Guaranteed Input Voltage es} 
7 High for All Inputs ; 
cay yes | msc | -10s | | -720 | 
z 
” Guaranteed Input Voltage — ee 
ieee ee a 
Input Current : cs rail) 0 to +78°C Fos foo 170 HA 
tL in" VILB o 
| Others a a ae 
@AC CHARACTERISTICS (Vez =~—5.2V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec) 
1. READ MODE 
HM10474-8 HM10474-10 
Item Test Condition Unit 


Chip Select Access Time ns 


Chip Select Recovery Time tacs 6 ns 


Address Access Time ns 


2. WRITE MODE 


Item Symbol Test Condition Unit 


Write Pulse Width 
Data Setup Time 

Data Hold Time 
Address Setup Time 
Address Hold Time 
Chip Select Setup Time 
Chip Select Hold Time 
Write Disable Time 


| max 
= 
po | ns Sa 
=| 

= [= 
P= [ss 
P= [os 
P= os 
fe 20 
p12 


Write Recovery Time ns 
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HM10474-8, HM10474-10 


3. RISE/FALL TIME 


Output Rise Time 
Output Fall Time 


Unit 
ns 


4. CAPACITANCE 


Input Capacitance 





Output Capacitance 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION | 2. INPUT PULSE 


Test Circuit =0'9V as ee ee 


Vcc(GND) 





—LIV 


t,=t;—2.0ns 


Ri i 


—2.0V Ri =S0Q 
V, 
ae 2 Ci =30pF (includes 
probe and jig 


capacitance) 





Address 


Dout 





4. WRITE MODE 


no 50% 50% 





Address 
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HM10470, HM10470-1 


4096-word x 1-bit Fully Decoded Random Access Memory 
The HM10470 is ECL 10K compatible, 4096-words x 1-bit, read 
write random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 

The fabrication process is the Hitachi’s low capacitance, oxide isola- 
tion method with double metalization. 

The HM10470 is encapsulated in cerdip-18 pin package, compatible 
with Fairchild’s F10470. 


= FEATURES 

@ 4096-word x 1-bit organization 

@ Fully compatible with 10K ECL level 

@ Address access time: HM10470 25ns (max) sBGeI6) 
HM10470-1 15ns (max) 

@ Write pulse width: HM10470 = 25ns (min) 
HM10470-1 15ns (min) PIN ARRANGEMENT 

@ Low power dissipation: 0.2mW/bit 


® Output obtainable by wired-OR (open emitter) 


MTRUTH TABLE 


Input 
<= = Mode 


Notes)  : Irrelevant 
* : Read Out Noninvert 


MBLOCK DIAGRAM (Top View) 


64 X64 


nw & 
. 3 Memory Cell 
= o 
wo 

e 
Za 
Fed 





. D—O Dout 
A; Q ioe 
Sense Amp and =: CI P en 
Write Drivers Fee 
Y Address 
Decoder 


oa 


e 
Ss: -s 
<<2< 


As © 


ew) ~ 
<< 


MABSOLUTE MAXIMUM RATINGS (Ta=25C) 


Output Current a mA 
Storage Temperature °C 
Storage Temperature °C 


* Under Bias 
@ HITACHI 
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HM10470, HM10470-1 


@ ELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vee = —5.2V, Ri=50N to —2.0V, Ta=0 to +75, air flow exceeding 2m/sec) 


| | 0°C 
+25°C 
+75°C 

oc | —1870 
+25°C 
+75°C 


typ max(A) Unit 
— 840 







| 
ry 
me 
on 


—720 


3 
<. 


Output Voltage Vin= Vina or Vite 


QO 


+25°C 
ISC 


Vouc — 980 


ee i 
° ° 
é = 


Output Threshold Voltage Vin=Vine or Vita 


+#25.C 
+75°C 


0c 
G d I Volt 
uaranteed input Voitage +25°C 
High for All Inputs 
+75°C 


Votc — 1630 


— 1605 


2 2 
Oo 
oo 
ry 
eo 
3 
< 


Vin 
—720 
Input Voltage m 
oC — 1870 — 1490 
G teed Input Volt 
Vin SR ae ance +25°C | —1850 ~1475 
Low for All Inputs 
+75°C 
Input Current cs ; . ‘ dpete 170 KA 
S foe SS 
All Input and Output Open, Ta =0°C 
Supply Current lee mA 
Test Pin 9 f= | 


Ta=75°C 


* HM10470 
* * HM10470-1 


@AC CHARACTERISTICS (Vez =—5.2V +5%, Ta=0 to +75C, air flow exceeding 2m/sec) 
1. READ MODE 





ice ican cot Uni 
Chip Select Access Time tacs Se ef ns 
Chip Select Recovery Time | tacs | pe HEHE HS ns 
2. WRITE MODE 

ite Symba is 


Write Pulse Width 
Data Setup Time 
Data Hold Time 
Address Setup Time 
Address Hold Time 


Chip Select Setup Time twscs 
Chip Select Hold Time twucs 
Write Disable Time 





s 
a 


i] 
~Q 
pot 
~_Q 
s 
~n 


~ 
= 
a 


| 


Write Recovery Time 
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HM10470, HM10470-1 


3. RISE/FALL TIME 






Output Rise Time 
Output Fall Time 


4. CAPACITANCE 


Input Capacitance 


Output Capacitance 


| omin | te | om 
eae ae ee ee 
a ee 
| Test Condition | min [typ | max 
ae ee 
ae ee ee 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit -0.9V 
G Vcc(GND) 





~1.7V 





te =ts=2.0ns typ 
Ri. =50Q 
C.=30pF (includes 
0.01uF ~2.0V probe and jig 
ait Ver Capacitance) 
Address 50% 
taa 
Dout 50% 





4. WRITE MODE 


cs 60s Abe a oe en ee a ee 


Address 


Lessin tur 
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HM10470, HM10470-1 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE | SUPPLY VOLTAGE 


Supply Current Jez (mA) 
Supply Current lee (mA) 





5.72 —5.20 -4.68 
Ambient Temperature Ta (‘C) Supply Voltage Vee (V) 
ADDRESS ACCESS TIME ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 


}HM10470 


Address Access Time taa (ns) 
Address Access Time taa (ns) 





Ambient Temperature Ta (‘C) Supply Voltage Vee (V) 
CHIP SELECT ACCESS TIME CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 


Chip Select Time tacs (ns) 
Chip Select Time tacs (ns) 





Ambient Temperature Ta (T) Supply Voltage Vee (V) 
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Write Pulse Width tw (ns) 


WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 























Kt) 
25 = 
20 ine we ES 
e 
ef tt ty 
7 = 
ee cone nee ae 
5 
-” 0 20 40 60 80 100 
Ambient Temperature Ta (‘C) 
@ HITACHI 


HM10470, HM10470-1 


WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 





Supply Voltage Vee (V) 
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HM104°70-20 — 


4096- word x 1-bit Fully Decoded Random Access Memory 
The HM10470 is ECL 10K compatible, 4096-words x 1-bit, read/ 
write, random access memory developed for high speed systems 
such as scratch pads and control/buffer storages. 

The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 

The HM10470 is encapsulated in cerdip-18 pin package, compatible 
with Fairchild’s F10470. 


@ FEATURES 
@ 4096-word x 1-bit organization 





@ Fully compatible with 10K ECL level 

@ Address access time: 20ns (max) 

@ Write pulse width: 20ns (min) igi’ 

@ Low power dissipation: 0.25 mW/bit 

® Output obtainable by wired-OR (open emitter) PIN ARRANGEMENT 


@ TRUTH TABLE 


Input 
Mode 
CS WE 


L Not Selected 





Write “1” 
Read 


me pe] 


o 
e|[c 
. 


Notes)  : Irrelevant 
* > Read Out Nonivert 





M@BLOCK DIAGRAM 


(Top View) 





64 X64 


Memory Cell 





— >» O Dout 


M ABSOLUTE MAXIMUM RATINGS (Ta=25 C) 


Storage Temperature | T.1, (Bias )* —55 to +125 °C 
“e Under Bias 


| 
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HM10470-20 


M ELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez = —5.2V, Ri=50N to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 







|e | =1000 | = | 840 | 
Output Voltage Vin=Vina or Vite eee mV 
| tric | 1830 | — | — 1625 | 
ae ae ee 
Yor pase | a =| 
aa 
Output Threshold Voltage Vin= Vine or Vita eS mV 
ttc | | = | = 1605 
Guaranteed Input Voltage Ey Se eee 
Wi. Wire arcs Lae | 106 | = | 810 | 
our elie feos ee ee ed 
Guaranteed Input Voltage a SC ae ee 
a 2 
Other ee a a 
ae je | eet ant Our Oven | _Tange | et ae | a 
@ AC CHARACTERISTICS (Ves=—5.2V+5%, Ta=0 to +75°C, air flow exceeding 2m/sec) 
1, READ MODE 
Chip Select Access Time | — | - [| 8 | ns 
Chip Select Recovery Time PF — | - | 8 | ns 
Address Access Time | ta | —- | -— [| 20 | ns 
2. WRITE MODE 


Write Pulse Width ns 
Data Setup Time 


Data Hold Time 


Address Setup Time 


ftwee3ns 
f= 20ns 
Address Hold Time 
Chip Select Setup Time twscs 
Chip Select Hold Time twucs 
Write Disable Time 
Write Recovery Time 
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ns 





HM10470-20 


3. RISE/FALL TIME 


Output Rise Time 
Output Fall Time 










4. CAPACITANCE 


Input Capacitance 
Output Capacitance 


TEST CIRCUIT AND WAVEFORMS 


1. LOADING CONDITION 2. INPUT PULSE 
Test Circuit -0.9V 
fF) Vcc(GND) 80% 


-1L7V 


te =t7=2.0n8 typ 





Ri =50Q 
Cr=30pF (includes 
3. READ MODE 
ray 50% Address 50% 
taa 
Dout 50% 





iS << 





tus twa 
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HM2142 


4096-words x 1-bit Very High Speed Random Access Memory 


The HM2142 is 4096-words x 1-bit very high speed read/write, 
random access memory developed for high speed systems such as 
pads and control/buffer storages. 

The fabrication process uses the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM2142 is encapsulated in cerdip-20 pin package. 


@ FEATURES 

@ 4096-words x 1 bit organization 

Very high speed address access time: 10ns (max) 
Write pulse width: 10ns (min) 

Power dissipation: 0.3 mW/bit 

Output obtainable by wired-OR 


W@W TRUTH TABLE M@PIN ARRANGEMENT 


Input 


(DG-20N) 





Mode 





Not Selected 
Write “0” 
Write “1” 


rici[ej= 
= 
a Oy 


Read 


Notes) x : Irrelevant 
* : Read Out Noninvert 


MBLOCK DIAGRAM 


64 X64 





we bd 
Az O He 3 < Memory Cell 
A 33 z 4 
Ay O 9 0 Array F 
: pas 3 (Top View) 
As © >< = 





—} >» O Dout 
Sense Amp and = a {  p-o 


Write Drivers p= 
( o WE 
Y Address 
Decoder O Din 
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HM2142 


G@ ABSOLUTE MAXIMUM RATINGS (Ta=25'C) 


Item Unit 


Supply Voltage +0.5 to —7.0 Vv 
Input Voltage v 
Output Current a ee ee mA 
Storage Temperature c 
Storage Temperature Tt, (Bias )* Cc 
* Under Bias 


M ELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Ves=—5.2V, Ri=50N to —2.0V, Ta=0 to +75 °C, air flow exceeding 2m/sec) 











item [ Symtol_[______ Yast Condition | mint) [tmp [ manta) [Uae 
0°C | —1000 | — | —840 | 
Von | asc | -980 | = — | —810 | 
Output Voltage Vin= Vins or Vine a mV 
Vou | +25'C | -1850 | — | —1650__ 
i es 
= oe are es 
ee oN i ee 
Output Threshold Voltage Vin Vine or Vita a mV 
ae ee ee 
er ee ee ee 
igh for nputs 
Guaranteed Input Voltage 5 
- [eeu Pere ee 
eS a a 
Input Current a ee HA 
Supply Current Tee All Input and Output Open. | Ta-75c |  — | -220 | — | mA 
@ AC CHARACTERISTICS (Ves=—5.2V+5%, Ta~0 to +75°C, air flow exceeding 2m/sec) 
1. READ MODE 
item aa te oe ee a eee 
pene ee ee 
cpeauewiie odes fee ee 
ane = fg | ee 
2. WRITE MODE 
item a OT OT 
Write Pulse Width eee eee 
Data Setup Tine ae ae en ea 
Dats Hold Time ae ae ee 
eaten ee 
Address Hold Tine a Pies a ae 
Chip Select Setup Time | tases es ae eee ge 
Chip Select Hold Tine | trees er a a a 
Write Disable Tine | tes CS ee 
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HM2142 


3. RISE/FALL TIME 


Output Rise Time 





4. CAPACITANCE 


Input Capacitance 


Output Capacitance 


[min | [max | 
Lae Aaa a) ee 
Output Fall Time | - | 2 | - | 
| min | tp [max | 
| - | | - | 
| | - | 





MTEST CIRCUIT AND WAVEFORMS 


1. LOADING CONDITION 2. INPUT PULSE 
Test Circuit 
3 ~0.9V 
O Vec(GND) 


-1.7V 








te=ty=2.0ns typ. 
R,=502 
Ci =30pF (includes 
O probe and jig 
0.0luF T Vee ~2.0V capacitance) 
3. READ MODE 
Address 50% 
taa 
Dout 50% 





4. WRITE MODE 


Address 





tWwSA twacs 





tws twr 
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HM10484-1O0-—— Preliminary 


4096-words x 4-bit Fully Decoded Random Access Memory 


The HM10484 is ECL 10K compatible, 4096-words by 4-bits 
read/write random access memory developed for high speed 
systems such as scratch pads and control/buffer storage. 


Features 

@® 4096-word x 4-bits organization 

® Very high speed address access time: 10ns (max) 
@ Write pulse width: 7ns (min) 

@ Power dissipation: 840mW 

@ Output obtainable by wired-OR 





Function Table ; (DG-28A) 
Input 
— carreras Output Mode 
CS WE Din A 
Pin Arrangement 
H x x _L Not Selected 
L L L L Write “0” 
L; b H L Write “1” 
L H x Dout * Read 


Notes) <: Irrelevant 
*: Read Out Nonivert 


Block Diagram 


(Top View) 


Memory Cell Array 
4,096words X 4bits 





o 
= 
Bee 
a 
~ 
bes 
o 
3O 
° 
i>) 
& 
a 
»< 


Block 2 Block 3 Block 4 


Circuit Circuit Circuit 

O © O O O 
DIl DO1 DI2 DO2 DIZ DO3 DI4 DOd4 Note) The specifications of this device 
are subject to change without 
notice. Please contact your nearest 
Higachi’s Sales Dept. regarding 
specifications. ; 
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HM10484-10 


Absolute Maximum Ratings (Ta = 25°C) 


Item Symbol Rating Unit 
Supply Voltage VEE to Vcc +0.5 to —7.0 V 
Input Voltage Vin +0.5 to VEE V 
Output Current Tout — 30 mA 
Storage Temperature Tstg —65 to +150 Cc 
Storage Temperature Tstg(Bias) * —55 to +125 


* Under Bias 


Electrical Characteristics 
DC Characteristics (Vep = —5.2V, Ry = 502 to -2.0V, Ta = 0 to +75°C, air flow exceeding 2m/sec) 





Item Symbol min(B) typ max(A) Unit Test Condition 
— 1000 oe — 840 0c 
Vou — 960 _ — 810 +25°C 
— 900 ied — 720 +75°C 
Output Voltage Se. ov Vin= Vina or VILB 
— 1870 a — 1665 oc 
VoL — 1850 = — 1650 +O5C 
— 1830 — —1625 +75°C 
— 1020 = — 0c 
Vouc —980 — — +25°C 
— 920 os = +VaC 
Output Threshold a mV Vin= Vins or VILA 
Voltage -- — = 1645 0c 
VoLc = aa — 1630 +25°C 
= = — 1605 +75°C 
—1145 ae — 840 0c 
- = = Guaranteed Input Voltage ° 
mae 5S ee High for All Inputs eo 
—1045 _ — 720 +75C 
Input Voltage tr 
— 1870 — — 1490 0c 
= _ = Guaranteed Input Voltage - 
vie ee nee te Low for All Inputs ees 
— 1830 — — 1450 +75°C 
Tin — — 220 ~Vin= VIHA 0 to+75C 
Input Current 0.5 os 170 uA cS 
Ii saps Sa I ccna See Vin = Vice 0 to+75C 
—50 _ _ Others 
—210 — — 0c 
All Inputs and Outputs Open. 
Supply Current IEE iG = _ mA Test Pin ll aaee 


AC Characteristics 
(Veg =-5.2V 5%, Ta = 0 to +75°C, air flow exceeding 2m/sec) 





Read Mode 
Item Symbol min typ max Unit Test Condition 
Chip Select Access Time tAcs = ae 6 ns 
Chip Select recoverry Time i tRCS a = 6 ns 
Address Access Time tAa = = 10 ns 
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HM10484-10 


Write Mode 
Item Symbol min typ max Unit Test Condition 
Write Pulse Width tw 7 = cael ns twsA=twsa min 
Data Setup Time twspD 1 — = ns 
Data Hold Time twHD 2 “ = ns 
Address Setup Time twsa 1 _— — ns tw=tw min 
Address Hold Time tWHA 2 = = ns 
Chip Select Setup Time twscs 1 a =e ns 
Chip Select Hold Time — twHCs 2 = are ns 
Write Disable Time tws — — 6 ns 
Write Recovery Time tWR = _ 12 ns 
Rise/Fall Time 
Item Symbol _ min(B) typ AERA) Unit Test Condition 
Output Rise Time tr — 2 — ns 
Output Fall Time tf ie 2 — ns 
Capacitance 
Item Symbol — min(B) typ max(A) Unit Test Condition 
Input Capacitance Cin = 3 — pF 
Output Capacitance Cout — 5 —_ pF 
Test Circuit and Waveforms 
~ Loading Condition Input Pulse 


t = ts =2.0ns typ 


Ri =50Q 
C.=30pF (Includes Probe and Jig Capacitance ) 





Read Mode 


Address 
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HM10484-10 


Write Mode 


lus tur 
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HM10480,HM10480F 


16,384-words x 1-bit Fully Decoded Random Access Memory 


The HM10480 is ECL 10K compatible, 16,384-words x 1-bit, 
read/write random access memory developed for high speed 
systems such as scratch pads and controil/buffer storages. 

The fabrication process uses the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM10480 is encapsulated in cerdip-20 pin and flat 20-pin 
package, compatible with Fairchild’s F 10480. 


HM10480 


@ FEATURES 

® 16,384-words x 1-bit organization (DG-20N) 
®@ Fully compatible with 10K ECL level HM10480F 

@ Address access time: 25ns (max) 

@ Write pulse width: 25ns(min) 

@ Low power dissipation: 0.05mW/bit 

@ Output obtainable by wired-OR (open emitter) 


WITRUTH TABLE 


Input | 


Write “0 
— (FG-20D) 
ee ee 


Notes) X : Irrelevant 
* > Read Out Noninvert 


Slee ae 


MBLOCK DIAGRAM 


128 x 128 
Memory Cell 


Array 


O Dout 


2 
e 
X-Address Decoder 





Sense Amp. 
Write Drivers 





(Top View) 





input Vltge V 
Output Current Tout f= 80 mA 
Storage Temperature Cc 


Storage Temperature T.t,( Bias) * —55 to +125 x & 
* Under Bias 
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HM10480, HM10480F 


MELECTRICAL CHARACTERISTICS 
@®DC CHARACTERISTICS (Ves =—5.2V, Ri =50N to —2.0V, Ta=0 to +75 °C, air flow exceeding 2m/sec) 
Item Symbol 







max (A) Unit 
— 840 


3 
5 
a 


Test Condition typ 


Von 


— 720 





Vin= 






Output Voltage Vina or Vira mV 


+ 25°C — 1850 
+75°C 
+25°C — 980 
+75°C 
Vin™ Vine or Vita : 
+25°C 
+75°C 
Guaranteed Input, Voltage ; 
Vin +25.C 
High for All Inputs 
+ 75°C 
Guaranteed Input Voltage z 
Vir +25C 
Low for All Inputs 


All Input and Output Open, Ta=0°C 
Test Pin 10 Ta =75°C 


@AC CHARACTERISTICS (Vez =—5.2V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec) 


Vou 


Vouc 
Output Threshold Voltage mV 


Votc 


— 840 


—720 


Input Voltage mV 


— 1475 





170 HA 


Input Current 


— 140 





Supply Current 


> 





1. READ MODE 

Item Test Condition min typ max Unit 
Chip Select Access Time pa ns 
Chip Select Recovery Time tres 2 | — | 15 ns 
Address Access Time Bn Meo a ns 
2. WRITE MODE 

Item Symbol min typ Unit 


Write Pulse Width twsa=5ns ns 


Data Setup Time ns 
Data Hold Time twHo ns 
Address Setup Time tw=25ns 


Address Hold Time 


ns 
ns 
Chip Select Setup Time twscs ns 
Chip Select Hold Time twucs 


Write Disable Time 


ns 


i! 


ns 


Ww 
fan} 


~ 
> 
>» 





Write Recovery Time 
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HM10480, HM10480F 


3. RISE/FALL TIME 


Output Fall Time 
Test Condition 


Input Capacitance 

Output Capacitance Cont 

MTEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit SO 9V ances ars ee 
© Vcc(GND) 


Unit 
ns 


4. CAPACITANCE 









-1LIV 


t-~t,—2.0ns 


Rt I. 


~2.0V Ri=500 
as Ves Ci=30pF (includes 
probe and jig 
capacitance) 


Address 


Dout 
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HM 10480-15,HM 10480F-15 


16,384-words X< 1-bit Fully Decoded Random Access Memory 


The HM10480 is ECL 10K compatible, 16,384-words x 1-bit, 
read/write random access memory developed for high speed 
systems such as scratch pads and control/buffer storages. 

The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 

The HM10480 is encapsulated in cerdip-20 pin and flat 20-pin 
package, compatible with Fairchild’s F 10480. 


HM10480-15 


@ FEATURES 

@ 16,384-words x 1-bit organization (DG-20N) 
@ Fully compatible with 10K ECL level HM10480F-15 

@ Address access time: 15ns (max) 

@ Write pulse width: 15ns (min) 

@ Low power dissipation: O0.06mW/bit 

@ Output obtainable by wired-OR (open emitter) 


METRUTH TABLE 





Input ve 
A Not See 
Write “0 
aye (FG-20D) 
a es 
a a a a 


MPIN ARRANGEMENT 


Notes) X : Irrelevant 
@ : Read Out Noninvert 


MBLOCK DIAGRAM 





Ac © 
Ai e 
3 128% 128 
A: © a 
P Memory Cell 
+9 2 Array 
Aco 3 BS 
‘ e Dout 
As q ~ 4 ‘ 
le end eee 
Aco ad 
Sense Amp. 2 Py { f cs 
Write Drivers senpene AL 
Cel be 
Y-Address Decoder 
Xt Din 
e e (Top View) 
<<¢@ <« <¢ G@ € < 


MBABSOLUTE MAXIMUM RATINGS ( Ta= 25°C ) 


(hating [tes 
Supply Voltage +0.5 to —7.0 V 


Item 


: 7 
Input Voltage V 
Output Current Leet PF 80 mA 
Storage Temperature Tote C 
Storage Temperature C 


® Under Bias 
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HM10480-15, HM10480F-15 


M ELECTRICAL CHARACTERISTICS 


@®DC CHARACTERISTICS (Vez = —5.2V, R.=50N to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


ie Srna n) 

0°C 
+25°C 
+ 75°C 

0°C 
+ 25°C 
+75°C 


max (A) 


- 


| 
Re 
S 
oe 


yp 


: i 
° 
z= 


—720 
Output Voltage Vin Vina or Vira 






— 1870 
— 1650 


+ 25°C —980 
+ 75°C 

°C 

+25°C 
+75°C 

0°C 

+ 25°C 
+75°C 

°C 

+ 25°C 
+75°C 

0 to +75°C 


All Input and Output Open, Ta =0°C 
Test Pin 10 Ta ~=75°C 


Vorc 


Vin Vins or Vita 


Output Threshold Voltage 


Votc 


we 
° 
i 


Guaranteed Input Voltage 
High for All Inputs 


Vin 


—720 
Input Voltage 


— 1870 


Guaranteed Input Voltage 
Low for All Inputs 


~ 1475 
— 1450 





aT Vin Vina 


i) 
OQ 


Input Current 170 


iy 

e 
3 
n 


— 240 == 220 


Supply Current 


™ 
ia] 


@AC CHARACTERISTICS (Vez =—5.2V +5%, Ta=0 to +75 °C, air flow exceeding 2m/sec) 
1. READ MODE 


Item Symbol Test Condition 


oe 
Ne 


Chip Select Access Time tacs 
Chip Select Recovery Time tres 


Address Access Time 2 


— 

ao) 
— 
Nn 


2. WRITE MODE 


Item Symbol 
Write Pulse Width 
Data Setup Time 


Test Condition typ 


twsa™=3ns 


Data Hold Time twit 
Address Setup Time tw=15ns 
Address Hold Time 
Chip Select Setup Time twscs 
Chip Select Hold Time twice s 


Write Disable Time 


— 
sa] DO 


Write Recovery Time 


— 
wy, w Dot wt ocptro |] wo 
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Unit 


mV 


mV 


mV 


KA 


Unit 
ns 
ns 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


HM10480-15, HM10480F-15 


3. RISE/FALL TIME 


| min | 
Output Rise Time — p= | 2 


Unit 
ns 


4. CAPACITANCE 









Item 





Input Capacitance 





Output Capacitance 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. 


Test Circuit -0.9V 
Vcc(GND) 









-1L7V 





t.~t;~2.0ns 


r° 


—2.0V Ri=50Q 
V 
ae si Cr=30pF ( includes 
probe and jig 
capacitance) 


Address 


Dout 





4. WRITE MODE 
CS 50% 50% 
xX =X 
=e 
WE 


Dour 
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HM1048S0L 


16,384-words X 1-bit Fully Decoded Random Access Memory 
The HM10480L is ECL 10K compatible, 16,384-words x 1-bit, 
read/write random access memory developed for high speed and 

low power systems such as control/buffer and main storages. 

The HM10480L is encapsulated in cerdip-20 pin package. 


FEATURES 

16,384-words x 1-bit organization 
Fully compatible with 10K ECL level 
Address access time: 25ns (max) 
Write pulse width: | 20ns (min) (DG-20N) 
Low power dissipation: Standby 220mW (typ.), Operation 
350mW (typ.) MPIN ARRANGEMENT 
@ Output obtainable by wired-OR (open emitter) 





WTRUTH TABLE 


a ae 


mye)! Ol 


Notes) X : Irrelevant 
* > Read Out Noninvert 


MM BLOCK DIAGRAM 
Ai+S7J 







wa—Vec 


~—GND 





Ai 
Ai 
Ai 
Ai 
Ai 


(Top View) 





Memory Matrix 
128 X 128 










=| aly 


Mi ABSOLUTE MAXIMUM RATINGS ( Ta= 25°C ) 


Supply Voltage Vv 
inp Vlog y 
Output Current Tout f= 80 mA 
Storage Temperature Tie ‘C 
Storage Temperature ‘Cc 


* Under Bias 
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MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez =—5.2V, Ri.=50N to —2.0V, Ta~0 to +75°C, air flow exceeding 2m/sec) 


0c 

+25°C 
+75°C 

0°C 

+ 25°C 
+75°C 

0°C 
+ 25°C 
+75°C 


— 


max (A) Unit 


Vow 
—720 


Output Voltage Vin=Vina or Vira mV 


— 1870 


Vou 





— 980 


Vouc 


3 
3 
oO 


Output Threshold Voltage Vin Vine or Vita mV 


Voic +25°C 


+75°C 





—) —] 
Q i?) 


Guaranteed Input Voltage 
High for All Inputs 


Via +25°C 
+75°C 

0°C 

+ 25°C 
+75°C 

0 to +75°C 


Input Voltage mV 


— 1870 


Guaranteed Input Voltage 


— 1475 
Low for All Inputs 





Input Current 170 KA 


I 0 to +75°C 


al 


[others | OT 


All Input and Output Open, Ta~0°C 
Test Pin 10 Ta~=75C 


—120 
—11 


—7 
-61 


5 


iL 
Supply Current Tee 


oO 


Lo | 
~ 
= 
< 
~ 
z 
i 
< 
~ 
= 
> 


@AC CHARACTERISTICS (Ves =—5.2V +5%, Ta~=0 to +75°C, air flow exceeding 2m/sec) 


1. READ MODE 
Chip Select Access Time tacs 15 25 ns 
Chip Select Recovery Time tres ns 
Address Access Time ae 17 ns 
2. WRITE MODE 


Data Setup Time 
Data Hold Time twib 


Address Setup Time 
Address Hold Time 

Chip Select Setup Time twscs 

Chip Select Hold Time twucs 

Write Disable Time 

Write Recovery Time 
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vw 
~ 





HM10480L 


3. RISE/FALL TIME 


Item 
Output Rise Time 
Output Fall Time 


4. CAPACITANCE 


Input Capacitance 


Output Capacitance 


a eam 


| min 
eee 
Soe 
eae 
CS 


a 


Unit 
ns 





MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 


Test Circuit 
Vec(GND) 





—2.0V Ri=5S0Q 
Cr=30pF (includes 
probe and jig 
capacitance) 


2. INPUT PULSE 


-0.9V —— —~— —— — 





—1.7V 


t-—t;~2.0ns 


Address 
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HM10494LCG 


16384-word x 4-bit ECL RAM 


i Features 

@ 16k-word Xx 4-bit organization 

@ Low Power Dissipation; Operation 500mW (typ.) 
Standby 350mW (typ.) 

@ Address Access Time; 25ns (max.) 

@ Write Pulse Width; 17ns (min.) 

@ Balanced Read and Write Cycle Time 

@ 1/0 common 


Wi Truth Table 


cules | vo | 
a Bs [WE] OE | Di | Do] Mode Remarks 
H Esco Not Selected Power Down 
Not Selected 

ee Write “0” 
Se ile Write “1” 
Write “0” 
PHIL | Write “ 
ae Read 
Not Selected 


Wi Block Diagram 


rm 


rp rt | ety et x 
GEEEEE 
BERR: 


8 


SSSSGR00E 
0 


rey 
Bg 
=| 











No o 

Ayo 

Az 0 

ve res Memory . 

~ , Matrix 
256 X 256 










ROW Control 
and Sense Amp. 
Y Address: 


Decoder: Driver 






Input 
Data 





Control 


Al 


es 
St. 


es 
t. 
“ 


Wk o OF 
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Write Data= Read Data 





YS 


(CG-28) 


Mi Pin Arrangement 


POLE O8 Veea Veo Poe do 


Index 


‘Ni ara ey 
AY 24 BS8 
Az 23° BS? 
A3 BSI 
Ny OF 
AB CS 
Ae WE 
\ 1k As 





(Top View) 
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HM10494LCG 


Wl Absolute Maximum Ratings (7, = 25°C) 


Item 
Supply Voltage 
Input Voltage 
Output Current 
Storage Temperature 


Storage Temperature 


* Under Bias 


@ Electrical Characteristics 


@ DC Characteristics 


symbol Rating Unit 
Ver to Vcc +0.5 to —7.0 V 


Vin +0.5 to Vee V 
rs : 


> 


Tstg —65 to +150 °C 
Tstg (Bias)* —55 to +125 ‘Cc 


(Veg = -5.2V, Ry = 50Q to -2.0V, T, = 0 to +75°C, air flow exceeding 2m/sec) 


Item 


Output Voltage 


Output Threshold Voltage 


Input Voltage 


Input Current 


Supply Current 


Stand by Supply Current 



















nin] wo [nant] Tak 
we [=o [=| a 
Vin = Vina or Vite eee mV 
Vin = Ving or Vita = Seen mV 
_ Tse [= f= ais 
Guaranteed Input oC }—1145] — | —840 | 
Vu | Voltage High for All +25°C | -1105| - | -810| 
m 
Guaranteed Input — 1870 
Vi __| Voltage Low for All —1850 
ae = 1450 
tn | V=Vaa to t75C] — 220 
Dn See L058] = | 170) uA 
In ae Vn=Vip | Oto +75°C 
Caf == 
a ae ee 
ce, omens) = | ms 
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@ AC Characteristics (Veg = -5.2V +5%, T, = 0 to +75°C, air flow exceeding 2m/sec) 
READ MODE 
































Address Access Time fF = | = | 25 | ns 
_ Chip Select Access Time | - | - | 25 | ns 
Chip Select Recovery Time | - | - | 15 | ns 
Block Select Access Time Pp - | - [| ns 
Block Select Recovery Time p - | - [ ns 
Out put Enable Access Time LAOE = ns 
Out put Enable Recovery Time = Hi ns 
































Write Mode 
Item Symbol ath Test Condition min typ max Unit 
Write Pulse Width wo | Eta ns 
Address Setup Time twsa Be Po 5 | ns 
Address Hold Time tWHA _— | 3 f - [| - | ns 
Chip Select Pulse Width tow vz | - | = | os 
Chip Select Address Setup Time IcsA 5 ) - | - | ns 
Chip Select Address Hold Time CHA 3 | - | - | ns 
Block Select Address Setup Time po 5 | - | = | ns 
Block Select Address Hold Time ep ns 
Data Setup Time | ur | - | - | ns 
Write Disable Time tws | - | - | 7 | ns 
Write Recovery Time twr eee Fe ee se ns 


Write Disable Mode 
















Item Test Condition 
Chip Select Setup Time 
Chip Select Hold Time 
Block Select Seoup Time 


Block Select Hold Time 




















© 
a 
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HM10494LCG 





@ Test Circuit and Waveforms 


® Loading Condition ® Input Pulse 


Vee, Veca (GND) —(),9V 


mee 





Ch 


| | | tr-- d+ Lons tp. 


Vrree -2.0V 


Ver 


Rr =50Q 
C1i=30pF ‘includes probe and jig capacitance! 


® Read Mode 


Address 


DO 





tacs RCS 


DO 





tRBS 


- a 


(Rot 


a 


© HITACHI 
666 Hitachi America Ltd. © 2210 O’Toole Ave. « San Jose, CA 95131 © (408) 435-8300 


ee eg See ae tee ES OE eee eg oe OAL CG 





tank 


MLL WLLL, 


CS Control 


TLILTIN.- MUTT. 
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BS Control 


Address 


os 
& 
uv. 
- : 
os 
= 
= 
=x 
= 
~ 


LX... CELL 


Poresvaeteceniatentiniel 
ae 


| 


© Write Disable Mode 
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HM10490-15——¥_PPreliminary 


65536-words x 1-bit Fully Decoded Random Access Memory 


HM10490-15 is ECL 10k compatible, 65536-words x 1-bit, 
read/write random access memory developed for high speed sys- 
_tems such as main memories for super computers. 


Features 

65,536-words x 1-bit organization 

Fully compatible with 10k ECL level 

Address access time. .............-0000. 15ns (max.) 
Write pulse width .................000. 10ns (min.) 
Low power dissipation. ................ 420mW (typ.) 
Output obtainable by wired-OR (open emitter) 


(DG-22N) 





Function Table 


Input 


— —~ Output Mode Pin Arrangement 
CS WE Din 
H x x E Not Selected 

L L L Write “0” 

L H L Write “1” 

H x Dout* Read 


Notes) x: Irrelevant 
*: Read Out Nonivert 


Block Diagram 


Memory 
Cell Array 
256 X 256 


X Address 
Decoder 


(Top View) 





Sense Amp. 


and 


R/W Control Note) The specifications of this device 


are subject to change without 
notice. Please contact your nearest 
Higachi’s Sales Dept. regarding 





specifications. 
Ne au Al5 A3 A4 All a2 Al3 
Absolute Maximum Ratings (Ta = 25°C) 

Item Symbol Rating Unit 
Supply Voltage VEE to Vcc +0.5 to —7.0 Vv 
Input Voltage Vin +0.5 to VEE Vv 
Output Current . Tout — 30 mA 
Storage Temperature Tstg —65 to +150 Cc 
Storage Temperature Tstg(Bias) * =§5: to: =K125 Cc 





* Under Bias 
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Electrical Characteristics 
DC Characteristics (Ver = -5.2V, Ry, = 50Q to -2.0V, Ta = 0 to +75°C, air flow exceeding 2m/sec) 


Item 


Output Voltage 


Output Threshold 
Voltage 


Input Voltage 


Input Current 


Supply Current 


AC Characteristics (Vpy = -5.2V 5%, Ta = 0 to +75°C, 


Read Mode 


Item 


Chip Select Access Time 


Chip Select Recoverry Time 


Address Access Time 


Write Mode 

Item 
Write Pulse Width 
Data Setup Time 
Data Hold Time 
Address Setup Time 
Address Hold Time 
Chip Select Setup Time 


Chip Select Hold Time - 


Write Disable Time 


Write Recovery Time 


Symbol 


Vou 


VoL 


VoHc 


VoLc 


Vin 


VIL 


In 


Tit 


IEE 


min(B) 
— 1000 
— 960 
— 900 
1870 
— 1850 
~ 1830 
1020 
— 980 
— 920 


— 1145 
—1105 
— 1045 
— 1870 
— 1850 
— 1830 
0.5 
—30 
—140 


—~ 140 


Symbol 
tAcs 
tRCS 


tAA 


Symbol 
tw 
twsp 
tWHD 
tWSA 
tWHA 
tWScs 
tWHCS 
tws 


tWR 


© HITACHI 


typ 


max(A) 


— 840 
—810 
—720 


— 1665 





min 


min 


wf BOF WC tf DT] W |] LS 


— 1650 
— 1625 





— 1645 


~ 1630 
— 1605 
— 840 
~ 810 
720 
— 1490 
— 1475 
— 1450 
220 
170 


typ 


Unit 


mV 


mV 


mV 


LA 


mA 


max 
10 
10 


10 
18 


Test Condition 


Vin= Vina or VILB 


Vin= Vins or VILA 


Guaranteed Input Voltage 
High for All Inputs 


Guaranteed Input Voltage 
Low for All Inputs 


Vin= VIHA 
cS 
Others 


Vin= VILB 


All Inputs and Outputs Open. 


Test Pin 11 


air flow exceeding 2m/sec) 





OC 
+25°C 
+156 

0c 
+ 25°C 
+ 75°C 

0c 
25€ 
toc 
0c 
Zoe 
FIDE 
0c 
25S 
Hia€ 
0c 
+ 25°C 
+75°C 
0 to+75C 


0 to+75C 


0c 


ae eC 


Unit Test Condition 


ns 


ns 


ns 


Unit Test Condition 


ns twsa=2ns 


ns 


ne a i 


ns 


ns tw =10ns 


ns 


ns 


ns 


ns 


ns 
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HM100490-15 
































Rise/Fall Time 
ten Symbol — min(B) typ max(A) Unit Test Condition 
Output Rise Time tr | a 2 = ns 
Output Fall Time ti ee 2 ae ns 
Capacitance 
a Item Symbol — min(B) typ masta) Unit Test Condition 
Apu Capacitance Cin —— 3 Se pF 
Output Capacitance Cour = 5 am pF 


Test Circuit and Waveforms 
Loading Condition 





Q bcc (GUNbv} 










t.—1,;72.0ns 





R,=-500 
C.~30pF 





Read Mode 





Write Mode 


cs 


Address 


Dout 
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HM100422,HM100422F 
HM 100422CG 


256-word X 4-bit Fully Decoded Random Access Memory | HM100422 


The HM100422 is ECL 100K compatible, 256-word x 4-bit, read 
write, random access memory developed for high speed system such 
as scratch pads and control/buffer storages. 

Four active Low Block Select lines are provided to select each block 
independently. 

The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM100422 is encapsulated in cerdip-24pin package, or 24pin 
flat package compatible with Fairchild’s F 100422. 


M@ FEATURES 


256-word x 4-bit organization 

Fully compatible with 100K ECL level 
Address access time: 10ns (max.) 

Minimum write pulse width: 6ns (min.) 

Low power dissipation: 0.8mW/bit 

Output obtainable by wired-OR (open emitter) 


MTRUTH TABLE 


Input 


oe oe “ 


BS WE 
H x x L Not Selected 


Notes) X : Irrelevant 


* > Read Out Noninvert 


MBLOCK DIAGRAM As a Ar 





Y-Decoder/Driver 


Memory Cell Array 


\ 
Ai 256 Words X4 Bits 


be 
e 
> 
hoe 
a 
™s 
te 
e 
3 
© 
© 
a 
4 
~< 


A, © 
Block 1 Block 2 Block 3 Block 4 
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HM100422CG 


MPIN ARRANGEMENT 
@HM100422 





(Top View) 


@®HM100422F 


Aa A fe bee AD Me 





(Top View) 


®HM100422CG 


DOs 
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HM 100422,HM100422F,HM100422CG 


MABSOLUTE MAXIMUM RATINGS (Ta=25C } 











Item | Symbol Rating Unit 


Supply Voltage +0.5 to —7.0 V 
Input Voltage Vin +0.5 to Vee V 
Output Current | Dow f= 80 | mA 


Storage Temperature Teg —65 to +150 C 
Storage Temperature Tae(Bias)* | —55 to +125 °C 
* Under Bias 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vee = —4.5V, Ri. =50N to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 











































—_ Symbol Test Condition ane. ee, Unit 
Output Voltage t————————4 V..=Vine or View Ba Eee sBkid pies 
as Vor 1810 | ~1715 | —1620 | mV 
Mane ~ 1035 8 ae mV 
Output Threshold Voltage Vin= Vins or Via 
ee : a 
Input Voltage ve Cag noe en = — ~ =" 
IL igh/ Low for nputs _ m 
m, Via= Vins aa P= | uA 
Input Current Pe Satie —— — Se se 
Supply Current lee All Inputs and Outputs Open — 200 | -165 | | mA 
@AC CHARACTERISTICS (Vez = —4.5V +5%, Ta=0 to +85°C, air flow exceeding 2m/sec) 
1. READ MODE 
| Item _ | max | 
Block Select Access Time 6 
Block Select Recovery Time —— | 5 | 
Address Access Time = po | 10 
2. WRITE MODE 
Write Pulse Width | tw | twsa=2ns | 6 | 45 | -— | as 
Data Setup Time | 2} 0 f — | ns 
Data Hold Tine ae ae See a ee 
Address Setup Time ae ie ns 
_Address Hold Time ee ae Smee ns 
_Block Select Setup Time twsBs | 2 | oo ns 
| Block Select Hold Time twas op br ns 
Write Disable Time fF — | 4] 6 | ns 
Write Recovery Time Ste | | 45 | 12 | ns 
32. RISE/FALL TIME 
Item | Symbol i Test Condition | typ | max | Unit 
ecm ae 
etal 


4. CAPACITANCE 











C 
a ae 
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Input Capacitance 


ae 

a mee 
Output Rise Time i ee 

| min 

eal 

Lee 





Output Capacitance 








HM100422,HM100422F,HM100422CG 


MTEST CIRCUIT AND WAVEFORMS 
1, LOADING CONDITION 


Test Circuit 
cr) Vec(CGND) 





Vee -2.0V 
a6 Ri =50Q 


Ci =30pF( includes 
probe and jig 
capacitance) 





4. WRITE MODE 


Address 


Din 


WE 


Prout 


ttvas 








2. INPUT PULSE 


-0.9V ———— 





-1.7V 


ae 
if 


Y 
t-=t,~2.0ns typ 


Address 
| 
| 


pt 4 4 ol 


a 
| 
Dout * 
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HIVI100415,HM100415CG 


1024-word <x 1-bit Fully Decoded Random Access Memory 

The HM100415 is a 1024-word x 1-bit, read/write random access HM100415 
memory developed for application to scratch pads, control and 
buffer storages which require very high speeds. 

The HM100415 is compatible with the HD100K families and 
includes on-chip voltage and temperature compensation for im- 
proved noise margin. This rnemory is encapsulated in cerdip-16pin 
package. | 


M FEATURES 

Or CVG): a ois ica ae ee edo eres 100K ECL Compatible 

@ Organization ........ 0... ccc ee ee ee 1024-word by 1-bit 

@ Address Access Time .........e0 cc ccc uceteceee 10ns (max) (DG-16A) 
@ Chip Select Access Time ..............0 ee eeee 5ns (max.) HM100415CG 

@ Power Consumption .............0. cee eee 0.6mW/bit (typ) 

@ Output Obtainable by Wired-OR (open emitter) 

@ Compatible with Fairchild F 100415. 


MTRUTH TABLE 


Input 
—— Mode 
we [oe 
Notes) X : Irrelevant 
* > Read Out Nomomvert & PIN oe NT 





fe) 
Shee aa 


M BLOCK DIAGRAM 


Aea 
Ave 


Aye 
Ae 





e 


=> 9 Dout 
Write Drivers p—f a p CS 
and Sense Amp b>— 
Opt AC 
X Address ° 
Decoder 


As As Ar As As 





(Top View) 
®HM100415CG 


MABSOLUTE MAXIMUM RATINGS (Ta=25°C ) 








Supply Voltage +0.5 to —7.0 V se , 
4 
Input Voltage +0.5 to Vee V 
As A3 
A NC 
Storage Temperature —-65 to +150 °C j 
ERICEIRA AOE DePene n NC 
Storage Temperature Tue(Bias)* —55 to +125 5 9 be 
*® Under Bias NE Ne 
WE A2 
cs Ai 
TAS 
cc NC Dout Ao 
(Top View) 
€ HITACHI 
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MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vec = —4.5V, Ri~50N to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 








Von | —955 | —380 | mv 
Output Voltage pois Vina™ Vina or Vire |= 1025 = 880 | 
Vouc mV 
Output Threshold Voltage [| Vone | Vie™Vine or Vita fs es ad 
es 
Grete haere Vin High/Low for All Inputs | 1810 | | 1475 | mV 
Input. Current ee ee eee : 
fey neha fomers | | | 
Supply Current All Inputs and Outputs Open | -200 | -150 | — | mA 
@AC CHARACTERISTICS (Ves =—4.5V +5%, Ta=0 to +85°C, air flow exceeding 2m/sec) 
1. READ MODE 
Item Test Condition | min typ | max | Unit 
Chip Select Access Time es 3 Fos | ns 
Address Access Time Ea 10 ns 
2. WRITE MODE 


ee 


Write Pulse Width 


oo 
= 


Data Setup Time 
Data Hold Time 


ns 
ns 


Address Setup Time 


pieces 
pies 
Address Hold Time 
Chip Select Setup Time twscs 
Chip Select Hold Time twucs 
Write Disable Time 
Write Recovery Time 


3. RISE/FALL TIME 


ns 


ns 


ns 


ns 


ns 





Test Condition 
Output Rise Time 


Output Fall Time 


~ 














4. CAPACITANCE 


typ 










Input Capacitance 


Output Capacitance 
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MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit -0.9V 
> Vcc(GND) 






~17V 





te ts 2.0ns typ 
Rt ig Cu 
0.01luF Vee —2.0V Ri=50Q 

au Ci =30pF (includes 

probe and jig 

Capacitance) 

3. READ MODE 
ra 50% Address 50% 
baa 
Dout 50% 





4. WRITE MODE 
cs 5095, Mk as ese a) a a ees Se Ge es he 
Me Se 
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HM1004'74,HM100474F 


1024-word x 4-bit Fully Decoded Random Access Memory 
The HM100474 is a 1024-words x 4-bit, read/write, random access 
memory developed for high speed systems such as scratch pads and 
control/buffer storages. 

The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM100474 is compatible with the HD100K ECL families and 
includes on-chip voltage and temperature compensation for im- 
proved noise margin. This device is encapsulated in cerdip-24-pin and 
flat 24pin package, compatible with Fairchild’s F 100474. 


HM100474 


M@ FEATURES seirshae 
@ 1024-word x 4-bit organization HM100474F 

@ Fully compatible with 100K ECL level 

@ Address access time: 25ns(max) 

@ Write pulse width: 25ns(min) 

@ Output obtainable by wired-OR (open emitter) 


MTRUTH TABLE 





Input 





a WE oe Mode MPIN ARRANGEMENT 
H x Se Not Selected @HM100474 


Notes) X : Irrelevant 
* | Read Out Noninvert 


MBLOCK DIAGRAM ms 


Y- | Y-Decoder/Driver | 


oo 












Memory Cell Array 
1024 Words x 4 Bits 






X~Decoder/Driver 





(Top View) 


@HM100474F 





- Pp &§& FH 2? BD se CB 
sg 48 88 $ 


MABSOLUTE MAXIMUM RATINGS (Ta=25° ) 


Supply Voltage +0.5 to —7.0 V 
Input Voltage ve atl +0.5 to Vee V 





Output Current T owt mA 
Storage Temperature —65 to +150 aC 
Storage Temperature Ti, (Bias)* —55 to +125 °C 
nary ealee DO: DO: Vee Veca DOs DO. 
(Top View) 
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a HMI O04 7 4,HM100474F 


MELECTRICAL CHARACTERISTICS 
@®DC CHARACTERISTICS (Vee = —4.5V, Ri. =500 to —2.0V, Ta=0 to +85C, air flow exceeding 2m/sec) 



































Item Test Condition min(B) typ max (A) Unit 
Output Voltage ae Vin= Vina or Vire Bias — i 
=e [=| = [ee 
Output Threshold Voltage Vin= Vins or Vita 
= ae 
iaput-Weltaeé Guaranteed Input Voltage | =e | — | —880 mV 
Vi High? tow: for Ail Inputs mV 
Input Current | 0s | | 170 _ 
Tit KA 
Supply Current Tee All Inputs and Outputs Open | —200 | -16 |  — | mA 
@AC CHARACTERISTICS (Vcc =—4.5V +5%, Ta=0 to +85C, air flow exceeding 2m/sec) 
1. READ MODE 
Item Test Condition min typ max Unit 
Chip Select Access Time = | - | 10 ns 
Chip Select Recovery Time a 10 ns 
Address Access Time taa 7 15 25 ns 
2. WRITE MODE 
Item Symbol Test Condition me | typ max Unit 
Baa Si Tine ee ee as 
Address Hold Time | twa | P22 ff = [| = [ons 
Chip Select Setup Time Po2 | = | = | ns 
Chip Select Hold Time Pe ae ns 
Write Disable Time tws P= | = [wo | ns 
Write Recovery Time | te pF - | = | a | ns 
3. RISE/FALL TIME 
Output Rise Time rae Po ft oe le ns 
Output Fall Time | - { 2 {| - | ns 
4. CAPACITANCE 
Input Capacitance Po =- | 4 | - | pF 
Output Capacitance fF - | 27 | = | pF 
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HM100474,HM100474F 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit 
Vec(GND) 






~h7V 


Rt Cr : 
| te =ty=2,5ns 





O0.0luF Vee ~2.0V Ri =50Q 
a Ci. =30pF (includes 
probe and jig 
capacitance ) 
3. READ MODE 


Address | 50% 
AA 


Dout 50% 





4. WRITE MODE 


eS 50% 50% 


Address 


Dout 
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1 ti] A} 
Address Access Time taa (ns) puppy /Conrent Tee Cm 


Chip Select Access Time tacs (ns) 











HM100474,HM100474F 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 








z 
= 
é 
Ambient Temperature Ta (‘C: Supply Voltage Vee (V) 
ADDRESS ACCESS TIME ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 
E 
e 
= 
= 
Ambient Temperature Ta (°C) Supply Voltage Vee (V) 
CHIP SELECT ACCESS TIME CHIP SELECT ACCESS TIME 


vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 


Chip Select Access Time tacs (ns) 





20 40 60 80 100 


Ambient Temperature 7a \‘C) Supply Voltage Vee (V) 
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HM100474,HM100474F 


WRITE PULSE WIDTH vs. WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE | SUPPLY VOLTAGE 





a. - 
£ £ 
: : 
= = 
2 ° 
2 e 
mn bd 
= ES 
—4,95 -—4.50 — 4.05 
Ambient Temperature Ta (‘C) Supply Voltage Vee (V) 
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HM1004774-8,HM100474-10——— 
HM100474F-8, HM100474F-10 


1024-word <x 4-bit Fully Decoded Random Access Memory 

The HM100474 is ECL 100k compatible, 1024-words x 4-bit, read HM100474-8, HM100474-10 
write, random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 

The fabrication process is the Hitachi’s U-groove isolation method. 
The HM100474 is encapsulated in cerdip-24 pin and flat 24 pin 
package, compatible with Fairchild’s F 100474. 


esFEATURES 

@ 1024-word x 4-bit organization 

@ Fully compatible with 100K ECL level 

@ Address access time: HM100474-8 8ns (max) 
HM 100474-10 10ns (max) 

@ Write pulse width: HM100474-8 5ns (min) 
HM 100474-10 5ns (min) 

@ Low poer dissipation: 0.3mW/bit 

® Output obtainable by wired-OR (open emitter) 


MTRUTH TABLE 





Input ase 
Mode 
ee 
Hoof xT xT __ | Not Selected MPIN ARRANGEMENT 
L a ee ae oe Write “0” @ HM100474-8, HM100474-10 
es ee ee 
cf} wf | Doms | Rea 


Notes) X : Irrelevant 
* >: Read Out Nonivert 


As Ar As Ag 


MBLOCK DIAGRAM 






Y-Decoder/Driver 








P 4 





Memory Cell Array 
1024Words x 4 Bits 








> 
eo 


X-Decoder/Driver 

















Ao 
A3 0 
- Block 4 
uly vn A BSAC (Top View) 
ee ol Crentl ClamiCl Crrevtt (-eirsait | 
- 62 S22 88 « © HM100474F-8, HM10047F-10 


As As Ar Vee Ase NC 


MABSOLUTE MAXIMUM RATINGS (Ta-25°C ) 


Output Current a mA 
Storage Temperature °C 
Storage Temperature C 


* Under Bias 





DO, DO: Vee Vcca DOs DOc 
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HM100474-8, HM100474-10, HM100474F-8, HM100474F-10- 


Ml ELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez = —4.5V, Ri=500 to —2.0V, Ta=0 to Ta=0 to +85°C, air flow exceeding 2m/sec) 


ase ais aes ee = teio |= 7s | 
Vonc mV 
Output Threshold Voltage | Vone | w™ Vine or Vita eee ed 
nput Voltage 
[ie free mn 
oe see Be _ 
Supply Current | tee | All Inputs and Outputs Open | =240 | -220 | — | mA 


@AC CHARACTERISTICS (Ves =—4.5V +5%, Ta=0 to +85°C, air flow exceeding 2m/sec) 
1. READ MODE 


HM100474/F-8 HM100474/F-10 
Item Symbol Test Condition ; Unit 
ax t 


Chip Select Access Time tacs 
Chip Select Recovery Time tres 
Address Access Time _ 


2. WRITE MODE 


| HM100474/F-8 HM100474/F-10 
Item Symbol Test Condition Unit 


Data Setup Time twsp 
Data Hold Time twp 


Address Hold Time twHa 
Chip Select Setup Time twscs 
Chip Select Hold Time twucs 
Write Disable Time 

Write Recovery Time 


3. RISE/FALL TIME 


= 


3 
ao) 
te 
a 
* 
ro} 
an 77) 


) 
Nn 


3 
3 
3 

mi 

so) 
3 

i) 
*“ 





< 
— 
—[ 
ac 
Ts 
is 
a 
sm 
Zs 


ns 


is¥) 


Item Symbol Test Condition Unit 


~ 
Whee 


Output Rise Time ns 


Output Fall Time ns 


4. CAPACITANCE 
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Input Capacitance 


Output Capacitance 





HM100474-8, HM100474-10, HM100474F-8, HM100474F-10 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit -0.9V —— —~— ——— 
Vec(GND) 








—-1.7V 
1 ot y ol 
re} ares | 
Rt il Ch t.-=t,;~2.0ns 
O 
0.0luF Vee —2.0V Ri=50Q 
Be Cr=30pF (includes 
probe and jig 
capacitance) 
Address 50% 
taa 
Dout 50% 
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HM1004'70° 


4096-word x 1-bit Fully Decoded Random Access Memory 
The HM100470 is a 4096-words x 1-bit, read/write, random access 
memory developed for high speed systems such as scratch pads and 
control buffer storages. 

The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM100470 is compatible with the HD100K ECL families and 
includes on-chip voltage and temperature compensation for im- 
proved noise margin. This device is encapsulated in cerdip-18pin 
package, compatible with Fairchild’s F 100470. 





M@ FEATURES 

@ 4096-word x 1-bit organization 

@ Full compatible with 100K ECL level (DG-18) 

@ Address access time: 25ns(max) 

@ Write pulse width: 25ns (min) BMPIN ARRANGEMENT 


@ Output obtainable by wired-OR (open emitter) 
M@TRUTH TABLE 


Input 
Mode 


| WE | ont 
H x Not Selected 
Write “0” 
Write “1” 


Notes) X : Irrelevant 
* : Read Out Nonivert 


MBLOCK DIAGRAM 


Aw © 
Ar O 





(Top View) 
64X64 


Memory Cell 


- 
« 
Ps 
vy) 
» 
a 


Au © 
A, © 


“ 
“ 
e 
- 

~ 

od 
< 

x 


O-—O Dout 





wD 
Sense Amp and CP C. [ (  f 0 CS 
Write Drivers ae 
Ct | LS > 


O Win 


M ABSOLUTE MAXIMUM RATINGS (Ta=25° ) 


Supply Voltage +0.5 to —7.0 | V 


Output Current | mA 
Storage Temperature °C 
Storage Temperature °C 
* Under Bias 
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HM100470 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vee = —4.5V, Ri.=50N to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 











=e - 

Output Voltage Vin™ Vina or Vire 
=e - 
=o - 

Output Threshold Voltage Via Vine or Ving 
mez : 
Guaranteed Input Voltage ) 1165. | mV 

Input Voltage 
High/Low for All Inputs -- 1810 mV 
Tn Vin Vina | = | HA 
Tint V..—= Vita KA 
foes 

Supply Current lee All Inputs and Outputs Open | 200 | mA 


@AC CHARACTERISTICS (Vee =—4.5V +5%, Ta=0 to +85°C, air flow exceeding 2m/sec) 





1. READ MODE 
Item Test Condition min typ max Unit 






Address Access Time taa 25 ns 
2. WRITE MODE 
Item Test Condition min typ max Unit 
Data Setup Time eter es ns 
Data Hold Time Poe et ns 
Address Setup Time tw = fw min ae = tee ns 
Address Hold Time ee ee ee ns 
Chip Select Setup Time foe ee ee ns 
Chip Select Hold Time Pee ed ns 
Write Disable Time | = | = | 10 | ns 


3. RISE/FALL TIME 


Output Rise Time 





4. CAPACITANCE 







Input Capacitance 


Output Capacitance 


Output Fall Time po | 
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HM100470 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


T est Circuit 
C) Vec(GND) 


-0.9V 


-1.7V 





t = t7=2.0ns typ 





—2.0V Ri =50Q 
V, 
on re Cr. =30pF (includes 


probe and jig 
capacitance) 


Address 50%, 


taa 


Dout 50%, 





4. WRITE MODE 


Address 50 





tws twr 
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HM100484-10————Preliminary 


4096-wrod x 4-bit Fully Decoded Random Access Memory 


The HM100484 is ECL 100k compatible, 4096-words by 4-bits 
read/write random access memory developed for high speed 
systems such as acratch pads and control/buffer storage. 


Features 

@ 4096-word x 4bits organization 

@ Very high speed address access time: 10ns (max) 
@® Write pulse width: 7ns (min) 

@ Power dissipation: 630mW 

@ Output obtainable by wired-OR 


Function Table 


Input 
cane oan Output Mode 
CS WE Din 
H x x L Not Selected 
L L L L Write “0” 
E L H L Write “1” 
L H x Dout * Read 


Notes) <: Irrelevant 
*: Read Out Nonivert 


Block Diagram 


Y -Decoder/Driver 


(Top View) 


Memory Cell Array 
4,096words X 4bits 





fee 
oe 
Z 
bee 
~A 
pas 
te 
v 
ao] 
i=} 
=) 
a 
Qa 
t 
rast 


Block 2 Block 3 Block 4 


R/W R/W R/W R/W 
Circuit Circuit Circuit Circuit 
C) ©) OC O 
Dit DO1 DI2 DO2 DI3 DO3 Dl4 DO4 





Note) The specifications of this device are subject to change without notice. Please contact your nearest Hitachi's Sales 
Dept. regarding specifications. 
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HM100484-10 


Absolute Maximum Ratings (Ta = 25°C) 




















Item Symbol Rating Unit 
Supply Voltage VeE to Vcc +0.5 to —7.0 V 
Input Voltage Vin: +0.5 to VEE Vv 
Output Current Tout — 30 mA 
Storage Temperature Tstg —65 to +150 
Storage Temperature Tstg(Bias) * —55 to +125 





%* Under Bias 


Electrical Characteristics 


DC Characteristics (VEp = -4.5V, Ry = 50Q to -2.0V, Ta = 0 to +85 °C, air flow exceeding 2m/sec) 


item 


Output Voltage 


Output Threshold Voltage 


Input Voltage 


Input Current 


Supply Current 


AC Characteristics (Vpp = -4.5V +5%, Ta = 0 to +85°C, air flow 


Read Mode 


Item 
Chip Select Access Time 
Chip Select Recovery Time 


Address Access Time 


Write Mode 
Item 

Write Pulse Width 
Data Setup Time 
Data Hold Time 
Address Setup Time 
Address Hold Time 
Chip Select Setup Time 
Chip Select Hold Time 
Write Disable Time 


Write Recovery Time 


690 


Hitachi America Ltd. 


Symbol —min(B) typ 
Vou — 1025 —955 
VoL ~— 1810 —1715 

Vouc — 1035 a 
VoLc 7 = 
VIH —1165 = 
VIL — 1810 = 
fin = — 
0.5 es 

lit 
—50 cam 
Ire —180 a 


Symbol min typ 
~ tACS = eee 
tRCS ae = 
taA Fas ae 
Symbol min typ 
tw 7 = 
twsD ] ca 
twHD 2 = 
tWSA 1 = 
tWHA 2 a 
twscs 1 = 
tWHCs 2 az 
tws oe ar 
twR acai sca 
@ HITACHI 


max(A) 


— 880 
— 1620 
—1610 
— 880 
— 1475 
220 
170 


Unit Test Condition 
mV 
Vin= Vina or VILB 

mV 
mV 

: Vin= Vins or Vita 
mV 
mV Guaranteed Inputs Voltage 
mV High/Low for All Inputs 
uA Vin= VIHA 
uA etal Vin= VILB 

Others 

mA All Inputs and Outputs Open 


exceeding 2m/sec) 


max 


10 


max 


12 


Unit Test Condition 
ns 
ns 


ns 


Unit Test Condition 
ns twsA=twsa min 

ns 

ns 

ns tw=tw min 

ns 

ns 

ns 


ns 


ns 
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HM100484-10 


Rise/Fall Time 
Item Symbol min typ max Unit Test Condition 
Output Rise Time tr — 2 —_ ns 
Output Fall Time tf —_ 2 —_ ns 


Capacitance 


Item Symbol min typ max Unit Test Condition 
Input Capacitance Cin — 3 = pF 
Output Capacitance Cout — 5 — pF 


Test Circuit and Waveforms 
Loading Condition 


EQ bec (GND) 


t.—t,—2.0ns 





R u= 509 
C.~30pF 
(including probe and jig capacitance) 





Read Mode 


Address 
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HM100484-10 


Write Mode 


30% 50% 


Address 





Dout i 
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HM100480-15, 
HM1O0O480F-15 


16,384-words x 1-bit Fully Decoded Random Access Memory 


The HM100480-15 is ECL 100K compatible, 16,384-words x 1-bit, HM100480-15 
read/write random access memory developed for high speed systems 
such as scratch pads and control/buffer storages. 

The fabrication process uses the Hitachi’s U-groove isolation 
method. 

The HM100480-15 is encapsulated in cerdip-20 pin and flat-20 pin 
package, compatible with Fairchild’s 100480. 


sFEATURES 

16,384-words x 1-bit organization 
Fully compatible with 100K ECL level 
Address access time: 15ns (max) 
Write pulse width: 15ns (min) HM100480F-15 
Low power dissipation: 0.06mW/bit 

Output obtainable by wired-OR (open emitter) 


(DG-20N) 


MTRUTH TABLE 


es we [oe 
L Write “0 
L Write “T 

(ea ae eC 
(FG-20D) 


L 


Notes) X : Irrelevant 
* | Read Out Noninvert 








M BLOCK DIAGRAM MPIN ARRANGEMENT 

Ac © 

Alo @ 

eee ie 8 128 128 

7 a Memory Cell 

As a 4 = Array 

Aco 3 = 

. ar =i 
—— 

As © = 
Sense Amp. CB ci { C 


Write Drivers zee =i mie 
Cp] a= 
Y-Address Decoder ° 
X Din 


0 O O O e 6 O 
= 2 o mie ee, 
x“ £ f£ «< <¢«¢ ec < 


MABSOLUTE MAXIMUM RATINGS ( Ta= 25°C ) 


Supply Voltage +0.5 to —7.0 V | 








Output Current Lats mA 
Storage Temperature Ties G 
Storage Temperature °C 
* Under Bias 
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HM 100480-15, HM100480F-15 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Veze= —4.5V, R.=50N to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 









Output Voltage we Vina or Vis 
[ini [sine [mien [av 
_ - 
Output Threshold Voltage Via Ving or Vita | 1095 _ Bea 
ee 
ae Guaranteed Input Voltage panes | | 880 | mv 
nput Voitage 
. High/Low for All Input | 1810 | ae — 1475 mV 
ie at ce ee 
Tin Vi. Vie BA 
Supply Current lee All Inputs and Outputs Open | -20) =] — | mA 
@AC CHARACTERISTICS ( Vez = —4.5V+5%, Ta=0 to +75°C, air flow exceeding 2m/sec) 
|. READ MODE 
Chip Select Access Time a a ee 
Chip Select Recovery Time a ne a 
Adres Access Time : 
2. WRITE MODE 
Vee ie ee ee 
Data Setup Time oe ee ee 
Data Hold Tne es a ee 
Adres Setup Tine ann ae es 
Adress Hold Tine i ewe 
Chip Select Hold Time ao ee 
Write Disable Tine eee eee 
Write Recovery Time ee ee 
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HM100480-15, HM100480F-15 


3. RISE/FALL TIME 


Output Rise Time 





Output Fall Time 


4. CAPACITANCE 


|_min | typ | max 
eeae Se ee 
Se ae 
[test Condition [min To | mex 
a ee eee 
ee ee 





Input Capacitance 

Output Capacitance 

MTEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit m0:0V Sees ee 





Vcc(GND) 






-1.7V 


t.—t,—2.0ns 


Rt Al CL 


0.0luF 


—2.0V Rr=50Q 
V 
RE “id Cr=30pF ( includes 


probe and jig 
capacitance) 


3. READ MODE 


Address 


Dout 





4. WRITE MODE 


Address 





@ HITACHI 
Hitachi America Ltd. ¢ 2210 O'Toole Ave. © San Jose, CA 95131 © (408) 435-8300 695 


FM100490-15———\P reliminary 


65536-words x 1-bit Fully Decoded Random Access Memory 


HM100490-15 is ECL 100k compatible, 65536-words x 1-bit, HM 100490-15 
read/write random access memory developed for high speed 
systems such as main memories for super computers. 


Features 

@ 65,536-words x 1-bit organization 

@ Fully compatible with 100k ECL level 

@ Address access time............0 000 eee 15ns (max.) 
@ Write pulsewidth ............... 02006 10ns (min.) 
@ Low power dissipation................. 320mW (typ.) 
@ Output obtainable by wired-OR (open emitter) 


(DG-22N) 


HM 100490F-15 


Function Table 





Iuput 

== oe Output Mode 

CS WE Din 

H x x L Not Selected 

L L L L Write “0” 

L L H L Write “1” (FG-22D) 

L H x Dout * Read HM 100490CG-15 
Notes) : Irrelevant 

*: Read Out Noninvert 
(CG~22A) 

Pin Arrangement 
@ HM100490-15 ® HM100490F-15 @® HM100490CG-15 


2. 


tot 
7 


onlent atl col 


wou 
Pee ages 9 ae SOs 9 a Se 9 


pacar arararara 
PEL fp fap tino! 
eam] bel | el Lim! head bed I Koa 


A8 Ver AQ Al0 
(Top View) 


(Top View) 


(Top View) 





Note) The specifications of this device are subject to change without notice. Please contact your nearest Hitachi's Sales 
Dept. regarding specifications. 
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HM100490-15 


Block Diagram 


Memory 
Cell Array 
256 X 256 


X Address 
Decoder 


Sense Amp. 
and 


R/W Control 


O O O 
A6  Al4 Al A3 Ad All Al2 Al3 





Absolute Maximum Ratings (Ta = 25°C) 


Item Symbol Rating Unit 
Supply Voltage VeE to Vcc +0.5 to —7.0 Vv 
Input Voltage Vin +0.5 to —3.0 V 
Output Current Tout — 30 mA 
Storage Temperature Tstg —65 to +150 Cc 
Storage Temperature Tstg(Bias) * —55 to +125 ‘ 


* Under Bias 


Electrical Characteristics 
DC Characteristics 
(Vex = -4.5V, Ry = 502 to -2.0V, Ta = 0 to +85°C, air flow exceeding 2m/sec) 


Item Symbol min(B) typ max(A) Unit Test Condition 
Von — 1025 —955 — 880 mV 
Output Voltage eV in = VIA. OF VILE 
VoL — 1810 —1715 — 1620 mV 
Vouec —1035 = as mV 
Output Threshold Voltage SS SS SS Vin = VIRB OF VILA 
VoLc = = — 1610 mV 
Vin — 1165 = — 880 mV Guaranteed Inputs Voltage 
Input Voltage Se ee ee ae et ee ee 
VIL —1810 = — 1475 mV High/Low for All Inputs 
iy a me 220 BLA Vin= VIHA 
Input Current 0.5 = 170 CS 
lit tA Vin= VILB 
—50 — = Others 
Supply Current IEE —120 — — mA All Inputs and Outputs Open 


AC Characteristics 
(Ver =-4.5V + 5%, Ta = 0 to +85°C, air flow exceeding 2m/sec) 





Read Mode 
Item Symbol min typ max Unit Test Condition 
Chip Select Access Time tacs as — 10 ns 
Address Access Time tAA o = 15 ns 
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Write Mode 
Item Symbol min typ max Unit Test Condition 
Write Pulse Width tw 10 me — ns twsa=2ns 
Data Setup Time twsp 2 = — ns 
Data Hold Time tWHD 3 seed cas ns 
Address Setup Time tWSA 2 = — ns tw =10ns 
Address Hold Time tWHA i ae = ns 
Chip Select Setup Time tWScs 2 = — ns 
Chip Select Hold Time twRcs 3 aa a ns 
Write Disable Time tws ae = 10 ns 
Write Recovery Time twR aaa os 18 ns 
Rise/Fall Time 
Item Symbol min typ max Unit Test Condition 
Output Rise Time tr cad zZ — ns 
Output Fall Time tf — 2 = ns 
Capacitance 
Item Symbol min typ max Unit Test Condition 
Input Capacitance Cin —_ 3 =. pF 
Output Capacitance Cout oes 5 _ pF 


Test Circuit and Waveforms 
Loading Condition 


e Vec(GND ) 


tp=t,=2.0ns typ 





0.01uF aa 


R L =50Q 
Cz. =30pF (Includes Probe and Jig Capacitance ) 





Read Mode 


Address 
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Write Mode 
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